Point Flow Measurements in Irrigation Furrows by Mortin, David Ernest
Utah State University 
DigitalCommons@USU 
All Graduate Theses and Dissertations Graduate Studies 
5-1964 
Point Flow Measurements in Irrigation Furrows 
David Ernest Mortin 
Follow this and additional works at: https://digitalcommons.usu.edu/etd 
 Part of the Civil and Environmental Engineering Commons 
Recommended Citation 
Mortin, David Ernest, "Point Flow Measurements in Irrigation Furrows" (1964). All Graduate Theses and 
Dissertations. 1595. 
https://digitalcommons.usu.edu/etd/1595 
This Thesis is brought to you for free and open access by 
the Graduate Studies at DigitalCommons@USU. It has 
been accepted for inclusion in All Graduate Theses and 
Dissertations by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 
Approved: 
M:l?o~ Profe~sor 
UTAH STATE UNIVERSITY 
, ~III ~I~ II~II/ ~~II~II~II~II~II/ ~II~~ ~1~~I/l11I 
3 9060 01107 3961 
POINT FLOW MEASUREMENTS 
IN ffiRIGATION FURROWS 
by 
David Ernest Mortin 
A thesis submitted in partial fulfillment 
of the requirements for the degree 
of 
MASTER OF SCIENCE 
in 
Civil and Irrigation Engineering 
~ of Gradua{e Studies 
tI;-~ 
.s~ 
UTAH STATE UNIVERSITY 
Logan, utah 
1964 
ACKNOWLEDG EMENT 
The author wishes to thank Professor Jack Keller for his generous 
counselling and encouragement during the period of study at utah State 
University. 
A special acknowledgement is due Professor Lyman Willards on for his 
very capable supervision of the research and for editing the manuscript. 
Other committee members were Professors Joel Fletcher and Jerald 
Christiansen. Both gave willingly of their time and advice during formal and 
informal consultations. 
The Saskatchewan Department of Agriculture provided financial 
assistance and a leave of absence from regular duties during the period of 
study. 
My wife Isabel has been my typist, my inspiration and my encourage-
ment . 
D. E. Mortin 
ii 
TABLE OF CONTENTS 
INTRODUCTION 
LITERATURE REVIEW • 
APPLICABILITY OF MEASUREMENT METHODS 
THEORY AND TESTING 
Vane-type flow meter . 
Pump-meter . . . . . . 
ORIFICE CALIBRATION 
ANALYSIS OF DATA 
Vane-type flow meter 
Pump-meter . . 
CONCLUSIONS AND RECOMMENDATIONS 
LITERATURE CITED 
APPENDIX . 
iii 
Page 
1 
2 
7 
9 
9 
16 
20 
24 
24 
52 
57 
60 
62 
LIST OF FIGURES 
Figure 
1. Test vane detail 
2. Detail of vanes E and F . 
3. Detailed plan of vane-type meter and measuring section 
4. Test flume and pris matic channel 
5. Detailed plan of pump-meter 
6. Assembled pump-meter . 
7. Calibration orifices 
8. Orifice calibration curves 
9. Calibration curves--vane A 
10. Vane A in operation 
11. Calibration curves--vane D 
12. Calibration curves--vane H 
13. Calibrationcurves--vane J 
14. Calibration curves--vane K 
15. Calibration curves--vane L 
16. Calibration curves--vane N 
17. Calibration curves--vane E 
18. Calibration curve depth O. 0-0. 14 feet--vane E 
19. Calibration curve depth O. 14-0.20 feet--vane E 
iv 
Page 
11 
12 
13 
15 
17 
18 
21 
22 
26 
27 
28 
30 
31 
33 
34 
35 
37 
38 
39 
LIST OF FIGURES (Continued) 
Figure 
20. Calibration curve depth 0.20-0.25 feet--vane E . 
21. Calibration curve depth 0.25-0.30 feet--vane E . 
22. Calibration curve depth 0.30-0. 35 feet--vane E . 
23. Calibration curves--vane F 
24. Calibration curve depth O. 0-0. 14 feet--vane F 
25. Calibration curve depth 0.14-0.20 feet--vane F . 
26. Calibration curve depth 0.20-0.25 feet--vane F . 
27. Calibration curve depth 0.25-0. 30 feet--vane F . 
28. Calibration curve depth O. 30-0. 35 feet--vane F . 
29". Calibration curve--venturi meter 
30. Pump-meter in operation 
v 
Page 
40 
41 
42 
43 
44 
45 
46 
47 
48 
53 
55 
LIST OF TABLES 
Table 
1. Calibration data, 3/4 inch diameter orifice (free discharge) 
2. Calibration data, 1 inch diameter orifice (free discharge) 
3. Calibration data, 1 1/2 inch diameter orifice (free discharge) . 
4. Data for vane A tested in the standard prismatic channel . 
5. Data for vane B tested in the standard prismatic channel. 
6. Data for vane C tested in the standard prismatic channel . 
7. Data for vane D tested in the standard prismatic channel . 
8. Data for vane H tested in the standard prismatic channel . 
9. Data for vane J tested in the standard prismatic channel . 
10. Effect of a non-prismatic channel--vane J 
11. Data for vanes K and L tested in the standard prismatic channel 
12. Data for vane M tested in the standard prismatic channel. 
13. Data for vane N tested in the standard prismatic channel . 
14. Data for vane E tested in the standard prismatic channel . 
15. Effect of large roughness elements--vane E . 
16. Effect of a non-prismatic channel--vane E 
17. Effect of straightening vanes on vane deflection in a 
non-prismatic channel--vane E 
18. Data for vane F tested in the standard pris matic channel . 
19. Effect of large roughness elements--vane F . 
vi 
Page 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
77 
82 
83 
85 
87 
92 
LIST OF TABLES (Continued) 
Tables 
20. Effect of a non-prismatic channel--vane F 
21. Effect of straightening vanes on vane deflection in a 
non-prismatic channel--vane F 
22. Venturi meter calibration data 
vii 
Page 
93 
95 
97 
INTRODUCTION 
A new flow measurement concept is needed to facilitate the study of 
intake characteristics of the soil under furrow irrigation. Knowledge of the 
flow rate at various points throughout the furrow length is required but meas-
urement must be made without altering the normal flow regime. Conventional 
water measuring devices such as weirs, orifices or flumes which require a 
loss of head in their operation, are usually unsatisfactory because to create a 
measuring head would alter the normal flow depth upstream thus changing the 
intake pattern. 
The purpose of this study is to develop a simple, reliable method of 
measuring small streams at random points in a furrow without altering the nor-
mal flow characteristics of the stream. The device must therefore cause little 
or no headloss, and should be lightweight, inexpensive, self-contained and 
easily serviced. It should be capable of measuring flows ranging from 4 to 30 
gallons per minute with an allowable error of not over 5 percent. 
LITERATURE REVIEW 
There are several water measuring techniques ~hich might be appli-
cable to furrow flows. Three general categories of meters are considered: 
1. Velocity head devices--pitot tubes and capacitance probes. 
2. Velocity sensing devices--current meters, reluctance probes, hot 
film anemometers and tracer techniques. 
3. Impact devices--which relate drag force on rigtd or movable bodies 
to flow rate. 
When velocity meters are used to determine flow rate in an open chan-
nel, a velocity profile must be obtained along with the corresponding cross 
sectional area. Discharge can then be calculated by the continuity equation. 
Ippen and Raichlen (6) have developed a gauge to evaluate turbulent 
motion in fluid flows. It consists of a pitot tube combined with a capacitance 
type pressure cell. The dynamic head is converted to a pressure, which is 
transmitted through the tube to the pressure cell, where it causes a minute 
deflection of a clamped circular diaphragm. The deflection reduces a small 
air gap between the diaphragm and a fixed electrode and results in a change in 
capacitance, which is electronically amplified and recorded. The device was 
developed primarily to record velocity fluctuations and these fluctuations can-
not be separated out, however, the mean velocity at a point may be determined 
provided a continuous record were available. If this method were applied to 
2 
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furrow measurements where only the mean point velocity is required, the re-
cording equipment might be modified to damp out the fluctuations. It might also 
be desirable to use a battery of pitot tubes rather than the single probe. This 
feature would speed up the measurement and also increase the accuracy, par-
ticularly in streams having a changing velocity profile. 
A rotating vane device has been reported by Edington and Molyneux (3). 
The rate of rotation of a rotor placed in the stream is measured by electronic 
means using transistors as the active circuit elements. Calibration is required 
to relate velocity to pulse frequency. The power supply is a 9 volt battery. 
The equipment is very compact and weighs slightly more than 3 pounds. 
A similar device called a variable reluctance velocity meter is reported 
by Maytin (9). Basically, it is a propeller type pickup assembly incorporating 
an electromagnetic circuit whose output is fed into an integrator. Poles are 
attached to the propeller shaft in line with a permanent magnet located in the 
supporting shaft. The path of the magnetic flux radiating from the magnet 
reaches the poles on the shaft across a gap. As the propeller rotates the width 
of the gap changes altering the reluctance. The rate at which the reluctance 
alternates is a direct function of the rate of rotation of the propeller. The 
signal is amplified and fed into a frequency meter. The device must be cal-
ibrated to relate the propeller cycles to velocity (9). The meter has a range 
of O. 15 to 5.4 feet per second, and would be portable provided the associated 
electrical equipment could be transistorized. 
The hot film anemometer is a modification of the original hot wire 
anemometer used for many years in the measurement of gas flows. The hot 
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film type is equally adaptable to liquids or gases. The velocity sensing element 
is a platinum film fused to a supporting glass surface. The film is heated by 
passing an electric current through it; the resulting heat exchange between film 
and fluid is detected electrically as a function of flow parameters, in this case, 
velocity. The device was developed by Ling (7 and 8). 
Tracer techniques using radioactive materials have been used to deter-
mine both fluid velocity and flow rate (1). For velocity measurements, an 
injector system and two stationary downstream detectors are required. Na24 
was used as the tracer, but many other nuclides are applicable. Distance-time 
relationships can be used to compute velocity of the stream. For direct flow 
measurement, the isotope dilution method can be used. In this case the tracer 
is injected at a known concentration and rate. At a distance downstream, suf-
ficient for complete mixing to occur, samples are assayed to determine the 
isotope concentration. The amount of dilution of the injected tracer is an indi-
cation of the flow rate at the injection point. Accuracy of the velocity method 
is ±1 percent and of the dilution method ±1. 5 percent. There is no limit to the 
operating range. 
Similar techniques which use inert materials for tracers are also in 
use. Equipment for velocity measurements (12 and 14) usually consists of an 
injection system (pump or piston arrangement) and either one or two electrodes 
at the detection station located a determined distance downstream. The elec-
trical detection equipment is complicated but usually compact. The tracer 
substance ranges from inverted water protons (12) to a salt solution (14). For 
flow rate determination, Gardner and Dunn (5) have developed a method which 
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utilizes an inert tracer and is based on the dilution principle. The method is 
independent of cross section, can be used by untrained personnel, and does not 
require electronic counting equipment. Accuracy is reported to be ±6 percent. 
Samples are taken below the injection point after complete mixing has occurred. 
The tracer used in this method (5) required assaying at a specially equipped 
laboratory. If a salt solution were used the samples can be assayed at any 
laboratory which is equipped with a colorimeter or photometer. 
A drag-body flow meter which employs the impact principle has been 
developed for pipe flow measurement (13). The meter consists of a spool 
shaped sensor plate placed directly in the flow path. The spool is supported by 
a stiff rod attached to a flexure tube. The tube is fitted with four strain gauges 
wired into a wheatstone bridge. Force due to the flow puts one set of gauges in 
tension, the other set in compression. The electrical output of the device is a 
function of this strain. The meters have a range of 0.1 to 10, 000 g. P. m. with 
a flow ratio of 10 to 1 (e. g. 40-4 g. p. m.) for anyone meter. Accuracy over 
years of service is reported to be 2:1 percent. 
A similar though somewhat more complex device is reported by Sharp 
(11). A fine wire with one end fixed and the other elastically supported re-
places the spool shaped sensor described above (13). Sharp (11) also tested a 
suspension wire probe for measurement in an open rectangular cross section. 
The wire is suspended between the prongs of a metal fork attached to a movable 
(vertically) shaft. Drag evaluations are made by determining the initial wire 
tension (prior to immerSion) and the tension when inserted in the fluid. Strain 
gauges are used to determine the wire tension which is related to velocity. 
Electrical equipment for this device consists of a wheatstone bridge, galva-
nometer and preamplifier. The fluid measured must be free of impurities and 
the wire must be kept clean and corrosion-free. 
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Another device based on the impact principle is called the vane-type 
flow meter, developed for use in small irrigation canals. The vane is sus-
pended in a special preinstalled section and allowed to rotate about a fixed axis. 
The amount of rotation or deflection is a function of the flow rate. The meter, 
which has a "zero" adjustment screw, is calibrated to read the flow rate 
directly. The special section liner is required to assure a constant cross 
section at the measurement point. Meters and liners are available for a vari-
ety of cross sections and for flows ranging from O. 1 to 30 CFS. Evaluation of 
the meter (10) was made for a flow range of 0.5 to 5 CFS and results indicate 
an accuracy of about ±5 percent could be expected for the vane meters used in 
the tests. Testing was carried out in prismatic channels and there were some 
indications that channel irregularities might change the velocity profile and 
adversely affect the meter accuracy. 
A measurement prinCiple which to the writer's knowledge has not been 
attempted might be termed the addition of energy principle. With this method 
it is possible to pump the water from the furrow, measure the flow rate and 
return the water without disturbing the normal flow pattern. Energy would be 
added to the system by the pump, and expended in lifting to the measurement 
point, in loss through the measuring device and in the return flow system. 
APPLICABILITY OF MEASUREMENT METHODS 
A device to measure the flow in an irrigation furrow should have the 
following characteristics: 
1. It should be lightweight, inexpensive and self-contained. 
2. It should be simple to operate, capable of rapid measurements and 
easily serviced. 
3. It should have an operating range of 4 to 30 gallons per minute. 
4. It should not disrupt the normal flow regime. 
7 
If a velocity meter is used, a velocity profile together with an area 
measurement is required. Unless readings are made simultaneously at a 
number of points in the measured cross section, the velocity profile thus deter-
mined is subject to errors where the velocity pattern is changing with time. 
The problems associated with velocity meters would indicate that a 
meter which records flow rate directly is most desirable for this application. 
The drag-body device (13) is presently available only for closed conduits. The 
tracer techniques may have application, however disadvantages are evident, 
particularly in the case of radio active tracers, which require special handling 
equipment, a license and trained operators. The salt dilution method is per-
haps the least expensive and simplest of the tracer techniques, however, the 
inconvenience and delay involved in assaying samples is not desirable. 
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The techniques which appear to hold the most promise are the vane 
deflection method (10) and the addition of energy principle. Both devices are 
relatively inexpensive and simple to operate. They are self-contained and 
portable and may be calibrated to measure flow rate directly. The first portion 
of this study concerns the development of a vane meter and section which will 
yield a known deflection versus discharge relationship. The second portion of 
the study concentrates on the fabrication of a pump and venturi meter based on 
the energy addition principle and adaptable to furrow flow measurement. 
THEORY AND TESTING 
Vane-type flow meter 
The purpose of this portion of the study was to develop a vane which 
would yield a particular deflection for a given discharge when placed in a 
stream flowing through a prismatic measuring section, and to test the applica-
tion of the device to the measurement of flow in furrows. 
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The amount of deflection of such a vane meter will be dependent on the 
resultant force of the water striking the vane, which in turn is dependent on the 
area of the vane and on the velocity distribution in the section. A standard 
prismatic section is required to assure the reproduction of the same velocity 
pattern for a particular depth-discharge relationship. 
For a given discharge, the depth of flow through the prismatic meas-
urement section is directly proportional to the roughness and inversely pro-
portional to the slope of the channel above and below the section. Roughness 
and slope in furrows are variables, therefore the vane deflection must either 
be independent of depth, or must be calibrated for depth variation. 
The amount of vane deflection will be proportional to the product of the 
resultant force and the distance between the resultant and the axis of rotation 
(moment arm). If the deflection is to be independent of depth the axis of rota-
tion must be fixed with respect to the measuring section. For a low depth-high 
velocity combination (long moment arm) the exposed area of the vane should be 
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small. For a high depth-low velocity combination (short moment arm), the 
exposed area should be large. Thus the vane should taper from wide at the top 
to narrow at the bottom. 
Unfortunately the above analysis cannot be used to predict the exact 
shape of the vane because of the difficulty of determining the magnitude and 
position of the resultant force acting on a movable body. The exact shape must 
be obtained through testing. 
The vanes selected for analysis are shown in figures 1 and 2. Eleven of 
the vanes are constructed from 20 guage aluminum and operate with the flat 
face at right angles to the direction of flow. Vane C is a helix constructed from 
1/8 inch aluminum plate. This vane is inserted parallel to the flow and deflects 
with the water drag on its sides. The 3 foot measuring section is trapezoidal 
with a 5 inch bottom and 1 1/2 to 1 side slopes, made of 18 guage steel. The 
shape was chosen from numerous furrow cross section studies. 
Figure 3 is a detailed plan of the device. The aluminum superstructure 
seats on the measuring section in a fixed position. The vanes are attached to 
a 3/8 inch diameter rod, notched at either end, which spans the measuring 
section and pivots about pointed supports. The pivot points are conical and 
fixed to the frame of the superstructure. Measurement of the vane deflection 
is accomplished as follows: A mirror is fixed near one end of the rod. A 
scale graduated in inches is located on the inner curved surface of the super-
structure. A pinhole in the top of the superstructure permits the operator 
to read the reflection of the scale in the mirror. As any point on the scale 
is the same distance from the mirror, the latter may be "zeroed" at any 
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convenient point near zero on the scale without any loss in accuracy. The value 
of this "zero reading" can be added to or subtracted from the scale reading to 
obtain the true reading. The scale reading is about four times the deflection of 
the tip of the vane. 
Testing was conducted at the Utah State University Hydraulics Labora-
tory in a 2 foot x 20 foot test flume (figure 4). A prismatic channel with 5 inch 
bottom and 1 1/2: 1 side slopes was placed in the bottom of the flume at zero 
slope. The channel was made up of an 8 foot wooden length, the 3 foot metal 
measuring section, and, another 6 foot wooden section equipped with a tail gate 
for depth control. The flume baffle, and a screen located in the prismatic 
channel 1 foot below the entrance served to reduce the turbulent flow from the 
supply pipe. The flow through the channel was collected in a 50 gallon drum 
and measured by means of calibrated free discharge orifices in the sides of the 
drum. 
Approximately 475 tests were made on the 12 vanes, with flow rates 
ranging from 2 1/2 to 41 3/4 g. p. m. and depths from 0 to 4 inches. Data from 
these tests are listed in tables 4 to 21 in the appendix. Readings of flow rate, 
water temperature, water depth before and after vane insertion, vane deflec-
tion and vane fluctuation were made during each test run. 
During part of the tests various forms of irregularities were located 
in the channel above the measuring section to study their effect on the vane 
deflection. 
Figure 4. Test flume and prismatic channel 
Pump-meter 
The purpose of this portion of the study was to develop a combination 
pump and measuring device for application to flow measurement in irrigation 
furrows. 
Details of equipment are shown in figures 5 and 6. The pump selected 
was a centrifugal type with a bronze impeller and is driven by a 3/4 H. P. , 
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2 cycle gasoline engine with an operating speed of 6300 r. p. m. A standard 
venturi meter with a O. 70 inch throat diameter (figure 5), installed in the 1 inch 
outlet line, provided the means of measurement. Flow control was obtained 
by means of a gate valve located downstream from the venturi. The equipment 
is all mounted on a 3/4 inch angle iron frame. 
The pump was rated at 30 g. p. m. against a head of 5 feet, or 3 g. P. m. 
against 115 feet of head. The centrifugal feature permits the pump to operate 
with the outlet closed. 
A galvanized metal intake covered with 1/8 inch mesh screen was built 
for installation in the furrow bottom below grade to avoid obstructing the flow. 
The intake line to the pump is a flexible 1 inch hose; the outlet line is light-
weight electrical conduit. The flow is returned to the furrow through a flexible 
hose attached to the gate valve. The hose discharges into a metal container 
equipped with a screen to reduce the exit velocity and minimize erosion. 
The venturi meter was built and installed according to specification (2) 
and is equipped with taps leading to a differential mercury manometer. A 
system of valves in these lines permits air removal. The manometer is grad-
uated in inches and inclined at 310 to the horizontal to increase the sensitivity. 
e" - 1_ I 
,-. Union 
\0" 
-I"~ e.\ec.tnc.al 
c.ohclult 
1< Ce.nt .... l.f!u9C11 PUI"V'IP 
2-'0/+" ... nslt!. c.I-Os.'O- h"le""'be. .... s. 
Scale.: 1'1 =5" 
G:. " 9" 
-B .... onz.e 
Ve..ntu __ 1 l"'V'Ie.tc:. .... 
Se.e F I c.. 5 f u I-' 
. de:.tc.o.d 0+ l"Vlono...ne:.te.1"'" 
Ga+e 
., 
R.e.tut" ..... 
+Iow no!>e. 
1t-~'+%"+~U'I' 3" -1 4?alt- l/e" 
I[:~:[l!:~:::::::r:~ 
Sec.tlon th __ o ug h \Ie ntul"'l Me.t e:.1"" (S <:'0.. Ie:.. I" = Z ") 
Figure 5. Detailed plan of pump-meter ""'" -:J 
18 
Figure 6. Assembled pump-meter 
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The motor has a fuel consumption of approximately one-sixth of a gallon 
per hour. The fuel is a gasoline and oil mixture in the ratio of 1 gallon gas to 
1/3 pint S. A. E. 30. 
Initial testing and calibration was conducted at the Hydraulic Labora-
tory. Field testing was carried out at the Utah State University Drainage and 
Irrigation Farm and at Milford, Utah. The Milford tests were part of a soil 
infiltration study conducted on irrigation furrows. The furrows were 1,050 feet 
long with an average slope of O. 5 percent. The pump-meter was used to meas-
ure flow rate at four intermediate points along one of the furrows. During each 
measurement the meter .. was positioned immediately above the furrow stream 
with its frame supported by the soil ridges on either side. The metal intake 
and outlet were submerged in holes dug below the furrow grade. A pointer was 
used to mark the water surface. With the outlet gate valve closed and the ma-
nometer bypass valve open, the motor was started and the pump primed. 
A galvanized metal sheet served as a gate to dam the furrow stream 
immediately below the intake. This gate was lowered into the stream and at the 
same time the gate valve controlling the pump was opened, keeping the water 
level as near as possible to the pointer. When the stream was completely 
dammed off and the flow passing through the pump, the manometer bypass valve 
was closed and the differential gauge was read. 
ORIFICE CALIBRATION 
The vane meter and pump-venturi device were both calibrated with the 
equipment shown in figure 7. The calibration device consists of a collection 
tank connected to a 50 gallon drum by means of a 4 inch diameter pipe. A 
baffle is located in the drum. There were 3/4, 1 and 1 1/2 inch circular 
orifices cut in the front curved face of the drum approximately 8 inches from 
the bottom. The orifices discharge freely and operate under a maximum head 
(measured from the orifice centerline) of 1.2 feet. The head measurements 
were made to O. 001 feet with a point gauge. The orifices were calibrated by 
direct weighing; results are shown in tables 1 to 3, in the appendix. The 
calibration curves plot as straight lines on two cycle log-log paper (figure 8). 
The temperature effect on orifice operation is illustrated by the follow-
ing example: 
1 1/2 inch orifice, test no. 16 
Time: 
Weight of water: 
Water density: 
Flow rate: 
Variation: 
44.4 seconds 
200 pounds 
62.43 @ 400 F. 
62.20 @ 1000 F. 
32.47 g. p. m. @ 400 F. 
32. 58 g. p. m. @ 1000 F. 
0.11/32.47 x 100 = 0.34 percent. 
20 
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Figure 7. Calibration orifices 
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The rated accuracy of the orifices as indicated by the point scatter 
(figure 8) i~ 2. 5 percent. The temperature effect is negligible by comparison. 
24 
ANALYSIS OF DATA 
Vane-type flow meter 
The vane shapes tested are detailed in figures 1 and 2, pages 11 and 12. 
Data are tabulated in the appendix tables 4 to 21. The columns headed "Adjust-
ed reading" denote the amount of vane deflection after the "zero correction" 
was applied. The columns headed "Fluctuation" indicate the normal amount of 
deviation from the listed reading. High flows at low depth at times created 
erratic flow variations which caused intermittant fluctuations greater than those 
indiyated. These unusual deviations were disregarded when the readings were 
made. 
Plots of the data were made for most of the vanes studied. Curves were 
plotted for low (0.0 to 0.14 feet), medium (0.14 to 0.25 feet) and high (0.25 to 
0.37 feet) depth ranges. Results for some of the vanes were obviously unsat-
isfactory and did not warrant plotting. 
Important features to be noted in the analysis of data for each vane are: 
(a) the deflection-discharge ratio (henceforth referred to as d/Q ratio) which 
is an indication of the sensitivity of the vane, (b) the upstream water depth 
increase when the vane is inserted in the flow, (c) the amount of fluctuation 
of the vane during the deflection reading, and (d) the variation in deflection 
for different depths at constant discharge. 
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Vane A (table 4, figure 9). The large spread between low, medium and 
high depth curves (figure 9) indicates considerable variation in deflection with 
depth at constant discharge. The d/Q ratio is approximately O. 57 (1 inch 
deflection amounts to 1 3/4 g. p. m. discharge) and vane fluctuation was gen-
erally small at high and medium depths and large (up to 1/2 inch) at low depth. 
Figure 10 shows the vane in operation in the test channel. The downstream 
side of the superstructure has been removed. 
Vane B (table 5). Initial testing showed that his vane was not suffi-
ciently responsive to changes in discharge because of the small surface area 
exposed to the flow. Fluctuation was excessive at high flows. 
Vane C (table 6). This vane is a helix shape and deflects with water 
drag on its sides. The vane was very stable in the flow but was insensitive to 
variation in discharge. The change in deflection was only 1 inch for a dis-
charge variation of 35 g. p. m. As depth increased at constant discharge the 
deflection increased considerably. This is attributed to the alteration of the 
center of gravity as the effective weight decreased with increased submergence, 
and to the increase in area exposed to the drag force of the water. 
Vane D (table 7, figure 11). The depth curves for this vane plotted as 
straight lines with an average d/Q ratio of 0.72. Vane fluctuation was low 
(0.25 inches maximum) and the maximum recorded increase in water depth 
when the vane was inserted was O. 1 inches. Most of the operational features 
of this vane are satisfactory, however the large spread between the curves 
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(figure 11) indicates an excessive amount of variation in deflection with chang-
ing depth at constant discharge. 
Vane H (table 8, figure 12). The plotted data for this vane show less 
variation in vane deflection with changing depth than was noted for the vanes 
previously analysed. Maximum vane fluctuation during readings was 3/8 inches 
and the maximum recorded increase in water depth when the vane was inserted 
was O. 06 inches. The d/Q ratio is relatively low at O. 5 and the curves do not 
show a definite pattern. 
Vane J (table 9, figure 13). The curves for this vane are well defined 
and variation in deflection with changing dfiPth is relatively small (maximum 
variation 3/4 inch). Fluctuation during reading was a maximum of 1/2 inch and 
maximum increase in water depth due to the vane was 0.04 inches. The d/Q 
ratio is small indicating that a small error in the deflection reading will pro-
duce a relatively large discharge error. 
The effects of a non-prismatic channel above vane J were studied and 
the data are recorded in table 10, A converging-diverging section which re-
duced the area of the prismatic channel by approximately 40 percent at high 
depths and 25 percent at low depths was positioned in the channel at a variable 
distance above the vane. When this section was located 5 feet upstream the 
error in deflection was 3/4 inch at a discharge of 23.7 g. p. m. in the low depth 
range. This deflection error corresponds to a discharge error of 2 g. p. m. 
In the high depth range the error was equivalent to 3 g. p. m. The error de-
creased as the section was moved upstream and increased as the section was 
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moved towards the vane. 
Vane K (table 11, figure 14). Vane K has the same degree of curvature 
as vane J, however, the width was increased in an attempt to increase the de-
flection. Considerable variation in vane deflection with changing depth is 
apparent in figure 14. Fluctuation was small and the maximum water depth 
increase caused by the vane was 0.06 inches. The sensitivity, as indicated by 
a d/Q ratio of 0.45, is still rather low. 
Vane L (table 11, fi~re 15). Vane L is a modification of vane K. The 
degree of curvature of the edges is smaller making the vane slightly wider at 
the top. Plotted data show curves similar to those obtained for vane K and 
comments on the operation are the same as for vane K. 
Vane M (table 12). Nine readings were made for three flow rates on 
this fork-shaped vane (see figure 1, page 11). Results indicated a large varia-
tion in deflection with changing depth and testing was discontinued. 
Vane N (table 13, figure 16). The curves for this vane show a definite 
pattern; below 26. 5 g. p. m. a greater deflection occurs at low depth than at 
high depth and above 26. 5 g. P. m. the depth curves cross and high depths pro-
duce the greatest deflection. The d/Q ratio varies from 0.6 below 26.5 g. p. m. 
to approximately 0.4 above this discharge. For discharge measurements below 
26. 5 g. p. m. the vane, which is triangular with a blunt tip, should be wider at 
the top, as evidenced by the larger spread between medium and low depth 
curves than between medium and high depth. Such an alteration would 
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aggravate the spread between the curves for the discharge range above 26. 5 
g. p. m., because larger deflections were obtained at high and medium depths 
for this flow range. 
Maximum fluctuation during readings was 3/8 inches and maximum 
depth increase caused by the vane was 0.084 inches. 
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Vanes E and F. Analysis of the vanes tested, to this point, indicates 
that it was not practical to continue testing different vanes to obtain a shape 
which would yield a particular deflection throughout the depth range for a given 
discharge. The definite pattern obtained with the low, medium and high depth 
curves for some of the vanes suggests that a vane might be more easily cali-
brated for depth as well as discharge without loss of accuracy. 
Vanes E and F (see figure 2, page 12) produced the most consistent 
results during initial testing and were sensitive to discharge variation. Fluc-
tuation (3/8 inches maximum) and headloss (maximum of O. 1 inches) created 
by either vane were also acceptable. These vanes were therefore selected 
from the 12 tested and subjected to more intensive analysis. 
Approximately one hundred tests were made on vanes E and F in the 
prismatic channel. The vanes were calibrated for five depth ranges (from 0.0 
to O. 35 feet) and for a discharge range of 4 to 40 g. p. m. (figures 18 to 22 and 
figures 24 to 28). The five depth curves were then plotted together for com-
parison purposes (figures 17 and 23). These curves indicate that both vanes 
have d/Q ratios of approximately 0.7 below 24 g. p. m. and 0.4 above 24 g. p. m. 
The fluctuation in vane deflection during the readings was a maximum of 
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3/8 inches and the maximum increase in upstream water depth when the vanes 
were inserted was O. 1 inches for both vanes. 
Figure 17, page 37 ~ indicates that the deflection of vane E at discharges 
between 16 and 23 g. p. m. was almost identical for all ranges of depth. The 
depth curves begin to diverge below 16 g. p. m. and above 23 g. p. m. The max-
imum variation in deflection with different depth occurs at 40 g. p. m. Deflec-
tions are greatest in the low depth range at low discharges and in the high depth 
range at high discharges. 
The five depth curves for vane F (figure 23, page 43) intersect at 25 
g. p. m. and diverge for discharges above and below this value. The maximum 
variation in deflection with different depths occurs at 40 g. p. m. Deflections 
are greatest in the low depth range at low discharges and in the high depth 
range at high discharges. 
An inspection of the individual depth range curves (figures 18 to 22 and 
figures 24 to 28) shows five circled points, representing 2,5 percent of the total 
number plotted, where discrepancy between measured discharge and the curve 
exceeds 1 g. p. m. The majority of the points faU within 0.5 g. P. m. of the 
curves. The amount of error is not proportional to discharge, thus the per-
centage error corresponding to an absolute error of 0,5 g. p. m. ranges from 
1.25 percent at 40 g. p. m. to 12.5 percent at 4 g. p. m. 
Tests were made on vanes E and F to determine the effect of channel 
irregularity on the vane deflection. Two types of irregularities were investi-
gated. The first study was on the effect of large roughness elements. Rocks, 
2 to 3 inches in diameter, were fixed in pos ition on a template which was placed 
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in the prismatic section. Tests were made at a discharge of 27.5 g. p. m. with 
the template located at various distances above the vane position. Data are 
listed in tables 15 and 19, in the appendix. No significant deviation in the 
amount of vane deflection was evident when the roughness elements were sub-
merged, however, the amount of fluctuation during readings increased by as 
much as 3/4 inch. As the depth was decreased the amount of vane deflection 
and the amount of fluctuation both increased. The greatest increase in deflec-
tion occurred in the low depth range (0.0-0. 14 feet) with the template located 
immediately above the measuring section. The increase was equivalent to an 
error of 5 g. p. m. The effect was less pronounced as the template was moved 
upstream, becoming negligible when located beyond 6 feet. 
The second study was made on the effect of a non-prismatic contracted 
section located above the vane position (tables 16 and 20 in the appendix). A 
converging-diverging section, 19 inches long, which reduced the cross sec-
tional area of the prismatic channel by 40 percent at high depth and 25 percent 
at low depth was used to assimilate the non-prismatic section. 
At a discharge of 34 g. p. m. the flow remained subcritical through the 
transition. The diverging portion of the transition was sufficiently abrupt that 
the streamlines, which were forced to the center in the converging section, did 
not diverge again. The result was a high velocity concentration near the center 
of the cross section for a considerable distance below the transition. The 
effect on vane deflection was generally more pronounced at high depths than at 
low depths. The increase in vane deflection amounted to errors of up to 
5g.p.m. 
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The effect was similar, but less pronounced, at 24 g. P. m., except that 
in the low depth range a hydraulic jump formed below the converging-diverging 
section resulting in a loss of energy and change in velocity pattern. Under this 
condition the vane deflection was less than the calibrated value by an amount 
equivalent to a discharge error of 0.5 to 1 g. p. m. depending on the distance 
between the vane and the non-prismatic section. 
The effect of the non-prismatic section was evaluated with the section 
placed at various distances above the vane, Errors in vane deflection were 
evident with the section located as far upstream as possible (8 1/2 feet), as 
limited by the end of the channel. Fluctuations of the vanes during reading 
were more rapid and larger. In some cases readings had to be estimated to the 
nearest 1/4 inch. 
An attempt was made to eliminate the errors induced by the non-
prismatic section by placing straightening vanes in the measuring section 1 foot 
upstream from the measuring vanes. Three straightening vanes 12 inches long 
spaced at 2 1/2 inches were used. Vanes E and F were tested at flows of 21 
and 31 g. P. m. with the non-prismatic section located at various positions up-
stream. No reduction in deflection error was noted (tables 17 and 21 in appen-
dix) for either vane when the depth was in the medium or high range, In the low 
range, or more precisely when the Froude Number for subcritical flow was 
greater than 0.5, straightening vanes installed between the measuring section 
and the non-prismatic section helped to recreate the proper velocity distribu-
tion and reduce errors to within ±O. 5 g. p. m. of the calibrated discharge. 
Froude Numbers greater than 0.5 correspond to depths of less than 0.10 feet 
at 21 g. p. m. and less than O. 125 feet at 31 g. p. m. These values indicate a 
relatively steep furrow. 
52 
Field trials indicated that flow rates determined by the vane-meter 
would be subject to errors due to (a) vane fluctuation caused by wind currents, 
(b) the possible variations between the size and shape of the furrow cross sec-
tion and that of the standard measuring section, and (c) channel irregularities 
present in most irrigation furrows. A further problem is the difficulty of pre-
installing the measuring section at the elevation which will conform to the grade 
of the furrow bottom during the irrigation. If the size, shape and grade of the 
furrow in the vicinity of the measurement point do not conform to the pre-
installed section, there will be an abrupt transition at the entrance to the sec-
tion creating a different velocity pattern than existed during vane calibration. 
Pump-meter 
The data obtained during the venturi meter calibration are listed in 
table 22 (appendix) and plotted in figure 29. The calibration curve is shown as 
a straight line on 2 cycle log-log paper. No hysteresis effect is evident in the 
plot. Twenty-two readings were made and 95 percent of the plotted points fall 
within 2 percent of the curve; one point is in error by +6.6 percent. The rated 
accuracy of the equipment used to calibrate the venturi (orifices) is ±2. 5 per-
cent, which would indicate that the limiting accuracy of the venturi is also 
~2. 5 percent. 
A slight fluctuation in the mercury levels during calibration is noted in 
table 22. This fluctuation appears to be proportional to discharge, but in no 
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Figure 29. Calibration curve--venturi meter 
case did it exceed O. 05 inches nor did it affect the accuracy of the readings 
when discharge was above 2.5 g. P. m. 
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Headloss in the fixtures (intake, elbows, venturi, gate valve and outlet) 
reduced the maximum pump capacity from its rated limit of 30 g. p. m. to 
25 g. p. m. At very low discharge the differential head is small and the fluctua-
tion in mercury levels caused by the engine governor begins to affect the 
accuracy of the readings. The minimum measurable discharge is therefore 
suggested to be 2.5 g. p. m., which is equivalent to a differential reading (on 
the inclined scale) of O. 125 inches. 
The water temperature during calibration ranged from 9.5 to 11. 50 C. 
The calculation shown on page 20 indicates that error due to temperature varia-
tion was only a fraction of the rated accuracy of the calibration orifices. Con-
clusions from this calculation are also applicable to the venturi meter. 
Field testing of the pump-meter in irrigation furrows (figure 30) indi-
cated that the upstream water depth may be controlled within 1/8 inch with the 
manually operated gate valve. This amount of depth variation does not create 
significant differences in infiltration because the time required to return the 
water level to the normal depth is only a few seconds. 
No erosion was evident at the point where the flow was returned to the 
furrow through the energy dissipating device. The normal silt load carried by 
the furrow stream was increased when holes for the intake and outlet were dug 
after the irrigation stream was turned in. 
The pump-meter may be operated by one man, however the weight 
(50 pounds, including associated equipment) and size of the device make 
5S 
Figure 30. Pump-meter In uperation 
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transporting difficult. Two men were found to be more efficient for this task. 
The time required to complete a single measurement was about 10 min-
utes. Most of this time was spent in manipulation of the gate valve to keep the 
upstream water surface at its original level. There was a tendency to either 
over or under correct the valve setting. 
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CONCLUSIONS AND RECOMMENDATIONS 
1. A vane-meter based on the impact principle has been developed to 
measure water flow in an open prismatic channel. Twelve vanes were tested. 
Two vanes were calibrated for the meter in a prismatic channel with 5 inch 
bottom width and 1 1/2: 1 side slopes. Measurement is based on the amount of 
deflection of the vanes and calibration is in terms of depth of flow as well as 
discharge. 
2. The vane-meter has a discharge range of 4 to 40 g. p. m. and a depth 
range of 0 to 4 inches. The rated accuracy of the device is ±0.5 g. p. m. This 
amounts to a percentage error of 12.5 percent at 4 g. p. m. and 1.25 percent 
at 40 g. p. m, 
3, Major channel irregularities or an abrupt transition at the entrance 
to the 3 foot standard measuring section will affect the accuracy of the vane-
meter by altering the velocity pattern and thereby changing the vane deflection. 
Errors in discharge of up to 5 g. P. m. were noted when these conditions 
existed. If the Froude Number of the subcritical flow regime is greater than 
0, 5, straightening vanes located between the channel irregularity and the 
measuring vane will help to recreate the proper velocity distribution and reduce 
errors to within ±0.5 g. p. m. of the calibrated discharge. A relatively steep 
furrow is required to produce a flow regime with Froude Numbers greater 
than 0.5. 
4. The vane-meter is not recommended as a flow meter for point 
measurements in irrigation furrows. The problems associated with field use 
make the device of limited practical value for this application. 
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5. A pump-meter based on the addition of energy principle has been 
developed to make point flow measurements in irrigation furrows. Theequip-
ment includes a centrifugal pump driven by a 3/4 H. P. gasoline motor and a 
O. 7 inch throat diameter venturi meter. The device has a range of 2. 5 to 
25 g. p. m. and a rated accuracy of ±2. 5 percent. 
6. The pump-meter was field tested in irrigation furrows having an 
average slope of 0.6 percent. It was possible to pump the total furrow flow 
through the measuring device, evaluate the flow rate and return the water to 
the furrow without temporarily altering the normal flow depth by more than 
1/8 inch. The time required to correct the water level is only a few seconds, 
therefore the 1/8 inch variation in water depth should not cause a significant 
change in the normal intake pattern. 
7. No erosion was noted at the point where the flow was returned to 
the furrow. 
8. The metal intake and outlet boxes must be placed below the grade 
of the furrow to avoid obstructing the flow. Holes must be dug in the furrow to 
accommodate these boxes. If the holes are dug while the water is running, the 
normal silt load of the stream is increased. To avoid this problem it is 
recommended that metal containers be pre-installed at predetermined measur-
ing points. The intake and outlet of the pump-meter can be placed in these 
containers during the measurement. Loose-fitting lids can be placed on the 
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boxes to keep them from silting in when not in use. 
9. Time required to obtain a single flow measurement with the pump-
meter is approximately 10 minutes. This time could be significantly reduced if 
a synchronized water level recorder and gate valve control system were built 
into the device. However, the advantages of this innovation may be offset by 
the increased weight and expense of electrical and mechanical equipment re-
quired to activate the gate valve. 
10. The pump-meter and accessories weigh approximately 50 pounds and 
two men are required to handle the equipment effiCiently in the field. One man 
would be sufficient to operate the device provided the weight could be reduced. 
A significant weight reduction is possible only if the venturi is replaced with a 
less cumbersome meter. The maximum discharge of the pump-meter in its 
present form is 25 g. p. m., and a reduction in this limit is not desirable. The 
venturi was selected on the basis of its low headloss. If another measuring 
device were to be used its headloss requirement must be comparable to that of 
the venturi. 
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Table 1. Calibration data, 3/4 inch diameter orifice (free discharge) 
Test Orifice head Time Weight Discharge 
no. (feet) (seconds) (pounds) (g. p. m.) 
1 0.084 292.8 100 2.46 
2 0.382 72.9 50 4.94 
3 0.382 71.8 50 5.01 
4 0.650 51.9 50 6.94 
5 0.651 56.9 50 6.33 
6 1.210 84.1 100 8.66 
7 1.204 86. 1 100 8.36 
8 0.152 112.1 50 3.21 
9 0.152 112.3 50 3.20 
10 0.580 120.5 100 5.97 
11 0.575 121.0 100 5.95 
12 0.879 99.0 100 7.27 
13 0.876 99.1 100 7.26 
14 0.268 87.2 50 4.13 
15 0.267 86.5 50 4.16 
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Table 2. Calibration data, 1 inch diameter orifice (free discharge) 
Test Orifice head Time Weight Discharge 
no. (feet) (seconds) (pounds) (g. p. m.) 
1 0.155 139.3 100 5.16 
2 0.153 139.2 100 5.16 
3 0.310 99. 1 100 7.26 
4 0.310 99.3 100 7.26 
5 0.679 67.7 100 10.62 
6 0.679 67.8 100 10.62 
7 0.862 60.5 100 11.90 
8 0.861 60.5 100 11.90 
9 1.169 52.1 100 13.82 
10 1.172 52.3 100 13.78 
11 0.987 56.8 100 12.69 
12 0.987 56.8 100 12.69 
13 0.297 100.5 100 7.16 
14 0.296 100.8 100 7.14 
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Table 3. Calibration data, 1 1/2 inch diameter orifice (free discharge) 
Test Orifice head Time Weight Discharge 
no. (feet) (seconds) (pounds) (g. P. m.) 
1 0.136 65.7 100 10.96 
2 0.136 64.7 100 11.11 
3 0.307 85.8 200 16.79 
4 0.307 88. 1 200 16.32 
5 0.450 73.1 200 19.71 
6 0.753 57.9 200 24.85 
7 0.754 56.6 200 25.4 
8 0.983 49.6 200 29.0 
9 0.982 49.9 200 28.85 
10 1.093 46.4 200 31. 05 
11 1.093 46.8 200 30.8 
12 0.923 51.6 200 27.9 
13 0.620 61.0 200 23.6 
14 0.248 97.4 200 14.8 
15 1.117 46.6 200 30.85 
16 1.183 44.4 200 32.5 
Table 4. Data for vane A tested in the standard prismatic channel 
Orifice Water Upstream water depth Vane gauge data Adjusted 
Test Orifice size head Q temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. P. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
40 3/4 0.125 2.85 9 0.050 0.051 1 2/8 ± 3/16 11/8 
37 3/4 0.126 2.85 9 0.172 0.173 6/8 ± 1/64 5/8 
25 3/4 0.479 5.5 10 0.053 0.055 3 2/8 ± 3/16 3 1/4 
22 3/4 0.493 5.6 10 0.159 0.159 11/16 ± 1/16 11/16 
19 3/4 0.486 5.5 10 0.310 0.310 1 7/16 ± 1/16 1 7/16 
1 1 0,478 9.0 10 0,067 0.070 5 3/8 ~ 1/4 5 
7 1 0.432 8,4 10 0,131 0.131 2 9/16 ± 1/8 2 3/16 
4 1 0.440 8.5 10 0.364 0.364 2 11/16 ± 1/16 2 5/16 
10 1 0.797 11. 5 11 0,075 0.080 7 7/16 ± 3/8 7 1/16 
13 1 0.751 11.2 11 0.146 0.147 3 6/8 ± 1/4 3 3/8 
16 1 0.726 11.1 11 0.328 0.328 4 11/16 '± 1/8 4 5/16 
43 1 1/2 0.840 26.8 9 0.111 0.119 14 6/8 ± 4/8 14 5/8 
46 1 1/2 0.817 26.4 9 0.241 0,242 12 9/16 ± 3/16 12 7/16 
49 11/2 0.812 26,3 9 0.322 0.323 15 4/8 ~ 1/8 15 3/8 
28 3/4 & 1 1/2 1.028 37.5 10 0,132 0.139 18 5/8 ± 3/8 18 5/8 
34 3/4 & 1 1/2 1.021 37.5 10 0,271 0,271 19 3/16 ± 3/16 19 3/16 
31 3/4 & 1 1/2 1.018 37.5 10 0.363 0.364 21 15/16 ± 3/16 21 15/16 
0) 
0) 
Table 5. Data for vane B tested in the standard prismatic channel 
Test Orifice size Orifice Q Water Ups tream water depth Vane gauge data Adjusted head temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. P. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
41 3/4 0.127 2.85 9 0.050 0.051 1 5/8 ± 1/8 3/4 
38 3/4 0.130 2.9 9 0.172 0.172 11/16 ± 1/64 3/16 
26 3/4 0.480 5,5 10 0.053 0,054 2 15/16 ± 3/8 1 15/16 
23 3/4 0.489 5,5 10 0.158 0.159 1 9/16 ± 1/16 9/16 
20 3/4 0.490 5.5 10 0.310 0.310 1 5/8 ± 1/32 5/8 
2 1 0.480 9,0 10 0.067 0,068 3 5/8 ± 1/4 2 6/8 
8 1 0,430 8.4 10 0,131 0,131 2 1/8 ± 1/8 1 2/8 
5 1 0,437 8.4 10 0,363 0.363 2 6/8 ± 1/16 1 7/8 
11 1 0.797 11. 5 11 0.075 0,077 5 ± 1/4 4 1/8 
14 1 0,757 11,2 11 0.148 0,148 3 3/8 ± 1/4 2 4/8 
17 1 0.719 11.0 11 0,328 0,328 34/8 ± 1/16 2 5/8 
44 11/2 0.836 26.8 9 0.111 0.114 10 3/8 ± 3/8 9 1/2 
47 11/2 0.818 26.4 9 0,241 0.241 5 7/8 ± 2/8 5 
50 11/2 0.816 26.4 9 0.322 0.322 8 2/8 ± 2/8 7 5/8 
29 3/4 & 1 1/2 1.026 37.5 10 0.132 0,136 14 5/8 ± 4/8 13 5/8 
35 3/4 & 1 1/2 1. 027 37,5 10 0,271 0,271 12 4/8 ± 3/8 111/2 
32 3/4 & 1 1/2 1.019 37,5 10 0,363 0,363 15 ± 4/8 14 
0') 
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Table 6. Data for vane C tested in the standard prismatic channel 
Orifice size Orifice Water Upstream water depth Vane gauge data Adjusted Test head Q temp. (feet) Reading Fluctuation reading 
no. (inches) (feet) (g. P. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
42 3/4 0.127 2.85 9 0.050 0.050 - 1/8 ~ 1/16 3/16 
39 3/4 0.135 2.95 9 0.171 0.171 6/8 ± 1/64 11/16 
27 3/4 0.478 5.5 10 0.053 0.053 - 1/8 ± 1/16 3/16 
24 3/4 0.487 5.5 10 0.158 0.158 6/8 ± 1/32 11/16 
21 3/4 0.491 5.5 10 0.309 0.309 2 3/16 ± 1/32 2 1/2 
3 1 0.477 9.0 10 0.067 0.067 1/8 ± 1/16 1/2 
9 1 0.428 8.4 10 0.131 0.131 2/8 ± 1/32 5/8 
6 1 0.437 8.4 10 0.363 0.363 2 3/8 ± 1/32 2 3/4 
12 1 0.796 11. 5 11 0.075 0.075 0 ± 1/32 3/8 
15 1 0.759 11.3 11 0.148 0.148 21/32 ± 1/32 11/32 
18 1 0.715 10.9 11 0.327 0.327 2 11/32 ± 1/32 2 23/32 
45 1 1/2 0.833 26.7 9 0.111 0.111 3/8 ± 1/32 11/16 
48 1 1/2 0.819 26.5 9 0.241 0.241 1 15/16 ± 1/32 2 1/4 
51 1 1/2 0.816 26.4 9 0.322 0.322 2 7/32 ± 1/32 2 17/32 
30 3/4 & 1 1/2 1.028 37.5 10 0.132 0.133 5/8 ± 1/16 15/16 
36 3/4 & 1 1/2 1.027 37.5 10 0.271 0.271 2 1/8 ±1/32 2 7/16 
33 3/4 & 1 1/2 1.019 37.5 10 0.363 0.363 2 19/32 ± 1/32 2 29/32 
0':1 
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Table 7. Data for vane D tested in the standard prismatic channel 
Orifice size Orifice Q Water Upstream water depth Test head temp. {feet} 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place 
55 3/4 0.456 5.3 12 0.053 0.054 
58 1 0.524 9.4 11 0.067 0.070 
56 1 0.517 9.3 11 0.219 0.219 
57 1 0.507 9.2 11 0.332 0.322 
61 1 1/2 0.244 14.75 11 0.083 0.088 
60 1 1/2 0.242 14.5 11 0.184 0.184 
59 11/2 0.241 14.5 11 0.319 0.319 
52 11/2 0.870 27.25 12 0.115 0.122 
53 1 1/2 0.864 27.25 12 0.228 0.229 
54 11/2 0.863 27.25 12 0.357 0.358 
Vane gauge data 
Reading Fluctuation 
(inches) (inches) 
6/8 ~ 1/8 
2 7/8 ± 1/8 
3 5/8 ~ 1/8 
4 5/16 ± 1/16 
6 4/8 ± 1/4 
7 2/8 ± 3/16 
8 15/16 ± 1/8 
13 2/8 ± 2/8 
16 1/8 ± 3/16 
184/8 ± 1/8 
Adjusted 
reading 
(inches) 
11/2 
3 5/8 
4 3/8 
5 1/16 
7 1/4 
8 
9 11/16 
14 
16 7/8 
19 1/4 
0) 
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Table 8. Data for vane H tested in the standard prismatic channel 
Orifice Water Upstream water depth Vane gauge data Adjusted 
Test Orifice size head Q temp. (feet} Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
79 3/4 0.266 4.1 11 0.047 0.047 1 5/8 ~ 1/16 11/16 
76 3/4 0.246 4.0 11 0.287 0.288 1 3/8 ± 1/32 13/16 
87 3/4 0.667 6.4 11 0.057 0.057 1 7/8 ± 1/8 1 5/16 
81 3/4 0.645 6.3 11 0,200 0.200 1 13/16 ± 1/16 1 1/4 
84 3/4 0.638 6.3 11 0.361 0.361 1 31/32 ± 1/32 1 13/32 
114 1 1/2 0.123 10.6 11 0.070 0.070 3 7/8 ± 1/4 3 5/16 
111 1 1/2 0.120 10,5 11 0.217 0.217 3 5/16 ± 1/8 2 3/4 
108 11/2 0.124 10.6 11 0.317 0.317 3 ± 1/16 2 7/16 
105 11/2 0.428 19.0 10 0.094 0.096 8 1/4 ± 1/4 7 11/16 
102 11/2 0.430 19.0 10 0,199 0.199 7 ± 1/4 6 7/16 
99 11/2 0.432 19.0 10 0.326 0.326 6 2/8 ± 1/8 5 11/16 
96 11/2 0.957 28.5 9 0.114 0.118 12 6/8 ± 1/4 12 3/16 
93 11/2 0,956 28.5 9 0.191 0.192 12 6/8 ± 3/16 12 3/16 
90 1 1/2 0.952 28,5 9 0,330 0.331 11 5/8 ± 1/4 11 1/16 
117 3/4 & 1 1/2 0.980 36.5 12 0.129 0,133 15 7/8 ± 3/8 15 5/16 
123 3/4 & 1 1/2 0,974 36,5 12 0.226 0.227 16 7/8 ± 3/8 16 5/16 
120 3/4 & 1 1/2 0.970 36.5 12 0.344 0.344 16 ± 1/4 15 7/16 
-.:] 
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Table 9. Data for vane J tested in the standard prismatic channel 
Orifice size 
Orifice Water upstream water depth Vane gauge data Adjusted 
Test head Q temp. (feet) Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
78 3/4 0.273 4.2 11 0.047 0.047 - 6/8 ± 1/16 1/2 
77 ua/4 0.245 4.0 11 0.287 0.287 - 6/8 ± 1/32 1/2 
88 3/4 0.644 6.4 11 0.057 0.057 - 5/8 ± 1/8 5/8 
82 3/4 0.645 6.3 11 0.200 0.200 - 5/8 ~ 1/32 5/8 
85 3/4 0.632 6.2 11 0.361 0.361 - 5/8 ± 1/32 5/8 
115 11/2 0.123 10.6 11 0.070 0.070 3/16 ± 3/16 1 7/16 
112 11/2 0.120 10.5 11 0.217 0.218 - 3/16 ± 1/16 11/16 
109 11/2 0.122 10.5 11 0.317 0.317 3/16 ± 1/16 1 7/16 
106 11/2 0.426 19.0 10 0.094 0.095 2 7/8 ± 3/8 4 1/8 
103 1 1/2 0.428 19.0 10 0.198 0.198 2 1/8 ± 1/8 3 3/8 
100 11/2 0.430 19.0 10 0.326 0.326 2 5/16 ~ 1/8 3 9/16 
325 11/2 0.654 23.8 13 0.098 0.101 3 3/4 ~ 3/8 6 3/4 
324 1 1/2 0.650 23.7 12 0.212 0.212 2 1/4 ± 3/16 5 1/4 
323 1 1/2 0.648 23.7 12 0.322 0.323 2 2/8 ~ 1/8 5 1/4 
97 11/2 0.962 28.75 9 0.114 0.116 6 1/8 ± 1/4 7 3/8 
94 11/2 0.956 28.5 9 0.191 0.192 56/8 ± 1/4 7 
91 1 1/2 0.952 28.5 9 0.330 0.331 6 ~ 3/16 7 1/4 
118 3/4 & 11/2 0.980 36.5 12 0.129 0.132 9 3/8 ± 4/8 105/8 
124 3/4 & 1 1/2 0.975 36.5 12 0.226 0.227 9 1/8 ± 1/4 10 3/8 
121 3/4 & 1 1/2 0.971 36.5 12 0.344 0.344 8 5/8 ± 1/4 9 7/8 
-.::J 
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Table 10. Effect of a non-prismatic channel--vane J 
Orifice Orifice Water Upstream water Vane gauge data 
Test 
size head Q temp. xa deEth {feet} Reading Fluctuation 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in (inches) (inches) 
323 11/2 0.648 23.7 12 0.322 0.323 2 2/8 ± 1/8 
323 a 11/2 0.651 23.7 12 x = 102" 0.324 0.324 2 3/4 ± 3/8 
323 b 11/2 0.650 23.7 12 x = 60" 0.323 0.323 3 3/4 ~ 1/2 
324 11/2 0.650 23.7 12 0.212 0.212 2 1/4 ± 3/16 
324 a 11/2 0.650 23.7 12 x = 60" 0.212 0.212 3 1/2 ± 1/2 
324 b 11/2 0.650 23.7 12 x = 102" 0.212 0.212 3 ± 1/2 
325 11/2 0.654 23.8 13 0.098 0.101 3 3/4 ± 3/8 
325 11/2 0.655 23.8 13 x = 102" 0.096 0.100 3 1/2 ± 1/2 
a x is the distance between the movable non-prismatic section and the vane location. 
Adjusted 
reading 
(inches) 
5 1/4 
5 3/4 
6 3/4 
5 1/4 
6 1/2 
6 
6 3/4 
6 1/2 
...;) 
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Table II. Data for vanes K and L tested in the standard prismatic channel 
Orifice size Orifice Q Water Upstream water depth Vane gauge data Adjusted Test head temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
Vane K 
125 3/4 0.266 4.1 11 0.048 0.049 1/2 ~ 1/16 11/4 
131 3/4 0.251 4.0 11 0.187 0.187 - 1/4 ± 1/32 1/2 
128 3/4 0.245 4.0 11 0.330 0.331 - 1/8 ~ 1/16 5/8 
140 11/2 0.327 16.6 10 0.090 0.093 7 1/8 ~ 3/8 7 7/8 
137 11/2 0.327 16.6 10 0.200 0.200 4 ± 3/16 4 3/4 
134 1 1/2 0.325 16.6 10 0.358 0.358 2 6/8 ± 1/16 3 1/2 
149 1 & 11/2 0.746 36.4 10 0.128 0.134 15 3/8 ± 1/2 16 1/8 
146 1 & 1 1/2 0.738 36.2 10 0.210 0.210 13 2/8 ± 3/8 14 
143 1 & 11/2 0.738 36.2 10 0.340 0.340 11 5/8 ± 2/8 12 3/8 
Vane L 
126 3/4 0.265 4.1 11 0.048 0.049 7/8 ± 1/16 3/4 
132 3/4 0.250 4.0 11 0.187 0.187 9/16 ± 1/32 7/16 
129 3/4 0.245 4.0 11 0.331 0.331 3/8 ~ 1/32 1/4 
141 11/2 0.328 16.7 10 0.090 0.093 7 1/2 ± 1/4 7 3/8 
138 11/2 0.326 16.6 10 0.199 0.199 5 1/16 ± 3/16 5 
135 11/2 0.323 16.6 10 0.357 0.357 4 ~ 1/16 3 7/8 
150 1 & 11/2 0.745 36.4 10 0.128 0.133 16 1/8 ± 3/8 16 
147 1 & 1 1/2 0.739 36.2 10 0.210 0.210 14 2/8 ± 3/8 14 1/8 
144 1 & 1 1/2 ~ . O. 741 36.2 10 0.340 0.341 13 3/8 ± 1/8 13 1/4 
...;J 
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Table 12. Data for vane M tested in the standard prismatic channel 
Orifice size 
Orifice Water Upstream water depth 
Test head Q temp. {feet} 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place 
127 3/4 0.265 4.1 11 0.048 0.048 
133 3/4 0.250 4.0 11 0.187 0.187 
130 3/4 0.247 4.0 11 0.331 0.331 
142 1 1/2 0.326 16.6 10 0.090 0.091 
139 11/2 0.326 16.6 10 0.199 0.199 
136 11/2 0.323 16.6 10 0.357 0.357 
151 1 & 1 1/2 0.745 36.4 10 0.128 0.132 
148 1 & 11/2 0.741 36.2 10 0.210 0.211 
145 1 & 11/2 0.742 36.2 10 0.340 0.341 
Vane gauge data 
Reading Fluctuation 
(inches) (inches) 
3/8 ~ 1/8 
- 1/4 ± 1/32 
- 7/16 ± 1/32 
6 5/8 ~ 3/8 
4 ± 1/8 
1 5/16 ± 1/16 
17 ± 3/8 
5 1/8 ? ± 1/4 
8 1/16 ± 3/16 
Adjusted 
reading 
(inches) 
11/8 
1 
5/16 
7 1/2 
4 3/4 
2 1/16 
17 3/4 
5 7/8 ? 
8 13/16 
-.::J 
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Table 13. Data for vane N tested in the standard prismatic channel 
Test Orifice size Orifice Q Water Upstream water depth head temp. {feet} 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place 
205 3/4 0.224 3.8 11 0,044 0.045 
202 3/4 0.211 3.7 11 0.203 0.204 
199 3/4 0.211 3.7 11 0.330 0.330 
187 1 0.321 7.4 10 0.058 0.060 
184 1 0.320 7.4 10 0.191 0.192 
181 1 0.321 7.4 10 0.362 0.363 
272 1 0.511 9.3 12 0.064 0.066 
279 1 0.497 9.2 13 0.219 0.219 
288 1 0.487 9.1 14 0.314 0.314 
160 11/2 0.242 14.7 9 0.083 0.087 
157 11/2 0.238 14.6 9 0.177 0.177 
154 11/2 0.238 14.6 9 0.276 0.277 
269 11/2 0.252 14.9 11 0.079 0.084 
262 11/2 0.264 15.2 10 0.200 0.201 
259 11/2 0.263 15.2 10 0.237 0.237 
169 11/2 0.549 21.8 10 0.100 0.105 
166 11/2 0.542 21.7 9 0.214 0.215 
163 11/2 0.540 21.6 9 0.336 0.337 
Vane gauge data 
Reading Fluctuation 
(inches) (inches) 
-2 3/8 ± 1/16 
-2 3/8 ± 1/32 
-2 1/2 ± 1/32 
7/8 ± 1/8 
-1 3/16 ± 1/16 
-11/4 ± 1/32 
9/16 ± 1/8 
- 3/8 ± 1/16 
- 13/16 ± 1/16 
34/8 ± 1/8 
2 7/8 ± 3/16 
2 5/16 ± 3/16 
4 ± 3/16 
3 2/8 ± 1/8 
3 1/8 ± 1/8 
7 3/8 ± 1/4 
6 6/8 ± 1/4 
6 3/16 ± 1/16 
Adjusted 
reading 
(inches) 
7/8 
7/8 
3/4 
4 1/8 
2 1/16 
2 
3 13/16 
2 7/8 
2 7/16 
6 3/4 
6 1/8 
5 9/16 
7 1/4 
6 1/2 
6 3/8 
10 5/8 
10 
9 7/16 
-.::J 
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Table 13. Continued 
Orifice size Orifice Q Water Test head temp. 
no. (inches) (feet) (g. p. m.) (0 C.) 
217 11/2 0.575 22.4 9 
226 11/2 0.571 22.3 9 
231 11/2 0.566 22.2 10 
234 1 1/2 0.561 22.1 10 
214 11/2 0.692 24.5 8 
211 1 1/2 0.694 24.5 8 
208 1 1/2 0.687 24.4 8 
178 11/2 1.155 31.25 10 
175 1 1/2 1.158 31.25 10 
172 11/2 1.142 31.0 10 
306 1 & 1 1/2 0.568 32.0 12 
298 1 & 11/2 0.570 32.0 13 
293 1 & 11/2 0.570 32.0 13 
250 1 & 1 1/2 0.854 38.75 10 
237 1 & 1 1/2 0.849 38.75 10 
196 1 & 11/2 0.981 41. 5 10 
193 1 & 1 1/2 0.982 41.5 10 
190 1 & 11/2 0.983 41.5 10 
Upstream water depth 
{feet) 
Vane out Vane in place 
0.098 0.104 
0.228 0.230 
0.305 0.305 
0.330 0.330 
0.103 0.109 
0.188 0.190 
0.325 0.325 
0.120 0.125 
0.215 0.216 
0.348 0.349 
0.115 0.121 
0.222 0.223 
0.303 0.303 
0.128 0.135 
0.343 0.343 
0.133 0.140 
0.225 0.226 
0.343 0.343 
Vane gauge data 
Reading Fluctuation 
(inches) (inches) 
8 2/8 ~ 1/4 
7 4/8 ~ 1/4 
7 2/8 ± 1/8 
7 5/16 ± 1/16 
9 ± 1/4 
8 7/8 ± 1/4 
8 6/8 ± 3/16 
11 5/8 ± 1/4 
12 3/8 ± 1/4 
12 1/16 ± 3/16 
12 ± 3/8 
12 4/8 ± 3/8 
12 5/8 ± 1/4 
144/8 ± 1/4 
16 ± 1/16 
15 1/8 ± 1/4 
16 4/8 ± 3/8 
17 2/8 ± 1/4 
Adjusted 
reading 
(inches) 
111/2 
10 3/4 
10 1/2 
10 9/16 
12 1/4 
12 1/8 
12 
14 7/8 
15 5/8 
15 5/16 
15 1/4 
15 3/4 
15 7/8 
17 3/4 
19 1/4 
18 3/8 
19 3/4 
20 1/2 
-:] 
0') 
Table 14. Data for vane E tested in the standard prismatic channel 
Test Orifice size Orifice Q Water Upstream water depth Vane gauge data Adjusted 
(inches) head temp. {feet} Reading Fluctuation reading no. (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
Depth range O. 00 to O. 14 feet 
203 3/4 0.225 3.8 11 0.044 0.045 11/16 ":t: 1/32 11/16 
73 3/4 0.633 6.3 8 0.056 0.058 1 3/16 ± 3/16 2 3/16 
185 1 0.330 7.5 10 0.058 0.060 2 11/16 ± 1/8 2 5/16 
270 1 0.512 9.3 12 0.063 0.067 4 3/8 ± 3/16 4 
273 1 0.504 9.2 12 0.101 0.102 4 5/16 ± 1/8 3 15/16 
62 11/2 0.135 11. 1 9 0.072 0.076 4 3/8 2: 1/8 5 3/8 
158 11/2 0.244 14.7 9 0.083 0.088 7 7/8 ± 1/4 7 1/2 
267 1 1/2 0.250 14.9 11 0.079 0.084 8 4/8 ± 1/4 8 1/8 
265 1 1/2 0.258 15.1 11 0.105 0.108 8 9/16 ± 3/16 8 3/16 
167 11/2 0.544 21.7 10 0.099 0.105 12 3/16 ± 3/16 11 13/16 
67 11/2 0.545 21.7 9 0.101 0.106 11 ± 1/4 12 
220 1 1/2 0.570 22.2 9 0.123 0.127 13 2/8 ":t: 1/4 12 7/8 
215 1 1/2 0.579 22.4 9 0.098 0.105 13 1/8 ± 1/4 12 3/4 
319 11/2 0.651 23.7 13 0.098 0.106 13 3/4 ± 3/8 13 3/8 
212 11/2 0.693 24.5 8 0.103 0.110 14 ± 1/4 13 5/8 
307 11/2 0.885 27.5 11 0.106 0.114 15 7/8 ± 3/8 15 1/2 
176 11/2 1.160 31.25 10 0.119 0.125 16 4/8 2: 1/4 16 1/8 
304 1 & 11/2 0.573 32.0 12 0.115 0.123 17 2/8 ± 3/8 16 7/8 
-.J 
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Table 14. Continued 
Orifice size 
Orifice Q Water Upstream water depth Vane gauge data Adjusted Test head temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
312 1 & 1 1/2 0.672 34.75 11 0.118 0.126 18 2/8 ± 1/4 17 7/8 
70 3/4 & 1 1/2 1.005 37.0 7 0.130 0.136 17 2/8 ~ 1/4 18 1/4 
248 1 & 1 1/2 0.852 38.75 10 0.128 0.135 19 4/8 ± 1/4 19 1/8 
194 1 & 11/2 0.986 41.75 10 0.133 0.141 20 ± 1/4 19 5/8 
DeEth range O. 14 to 0.20 feet 
330 3/4 0.095 2.5 11 0.168 0.168 15/16 ± 1/32 9/16 
72 3/4 0.624 6.2 8 0.173 0.173 1 ± 1/16 2 
182 1 0.320 7.4 10 0.192 0.192 2 6/8 ± 1/32 2 3/8 
275 1 0.493 9.1 12 0.156 0.157 4 5/16 ~ 1/8 3 15/16 
280 1 0.500 9.2 14 0.178 0.178 4 1/8 ± 1/8 3 3/4 
155 11/2 0.238 14.6 9 0.176 0.177 7 13/16 ± 3/16 7 7/16 
263 11/2 0.261 15.2 11 0.158 0.159 8 9/16 -.t 3/16 8 3/16 
66 1 1/2 0.548 21.7 9 0.166 0.168 11 6/8 ± 1/4 12 6/8 
222 1 1/2 0.568 22.2 9 0.194 0.196 13 ± 1/8 12 5/8 
218 11/2 0.571 22.3 9 0.154 0.156 13 3/8 ± 1/4 13 
209 11/2 . 0.692 24.5 8 0.188 0.189 144/8 ± 1/4 14 1/8 
336 1 1/2 0.789 26.0 12 0.167 0.170 16 1/4 ± 3/8 15 7/8 
299 1 & 1 1/2 0.570 32.0 13 0.179 0.182 18 1/8 ± 1/4 17 3/4 
302 1 & 11/2 0.568 32.0 12 0.152 0.153 17 7/8 ± 3/8 17 1/2 
-.::J 
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Table 14. Continued 
Orifice size 
Orifice Water Upstream water depth Vane gauge data Adjusted 
Test head Q temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
246 1 & 1 1/2 0.853 38.75 10 0.165 0.168 205/8 ~ 1/4 20 1/4 
194 1 & 1 1/2 0.986 41.75 10 0.133 0.141 20 ± 1/4 19 5/8 
Depth range 0.20 to 0.25 feet 
200 3/4 0.217 3.7 11 0.203 0.204 -1 1/16 ± 1/32 11/16 
277 1 0.492 9.1 13 0.218 0.218 4 1/8 ~ 1/16 3 3/4 
64 1 1/2 0.131 10.9 9 0.227 0.227 3 15/16 ± 1/8 4 15/16 
257 1 1/2 0.264 15.1 10 0.237 0.238 8 1/8 ± 1/8 7 3/4 
260 11/2 0.263 15.2 10 0.200 0.200 8 4/8 ± 3/16 8 1/8 
164 11/2 0.541 21.7 9 0.213 0.214 12 9/16 ± 3/16 12 3/16 
224 11/2 0.571 22.3 9 0.228 0.229 13 3/8 ± 3/16 13 
318 11/2 0.645 23.6 12 0.212 0.212 14 1/8 ± 1/8 13 3/4 
307h 11/2 0.883 27.5 11 0.216 0.218 16 5/8 ± 1/4 16 1/4 
307p 11/2 0.885 27.5 12 0.218 0.220 16 1/4 ± 1/4 15 7/8 
173 11/2 1.152 31.25 10 0.213 0.214 18 2/8 ± 1/4 17 7/8 
296 1 & 1 1/2 0.570 32.0 13 0.222 0.223 18 3/8 ± 3/8 18 
311 1 & 1 1/2 0.669 34.5 11 0.214 0.216 19 3/4 ± 3/8 19 3/8 
69 3/4 & 1 1/2 1.005 37.0 7 0.227 0.228 19 3/8 ± 1/4 20 3/8 
244 1 & 1 1/2 0.850 38.75 10 0.211 0.213 211/8 ± 1/4 20 3/4 
-.::J 
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Table 14. Continued 
Orifice size 
Orifice Water Upstream water depth Vane gauge data Adjusted 
Test head Q temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. P. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
242 1 & 1 1/2 0.850 38.75 10 0.237 0.238 214/8 ~ 1/4 211/8 
191 1 & 1 1/2 0.981 41.5 10 0.225 0.227 22 3/8 ± 3/8 22 
Depth range O. 25 to O. 30 feet 
328 3/4 0.102 2.6 11 0.252 0.252 7/8 ± 1/16 1/2 
332 3/4 0.838 7.2 12 0.272 0.272 2 6/8 ± 1/8 2 3/8 
283 1 0.495 9.1 14 0.257 0.257 3 13/16 ± 1/16 3 7/16 
326 1 1/2 0.186 12.9 10 0.278 0.278 6 5/8 ~ 1/4 6 1/4 
152 11/2 0.237 14.6 9 0.276 0.277 7 4/8 ± 1/16 7 1/8 
255 1 1/2 0.269 15.5 10 0.284 0.284 8 1/8 ":t 1/16 7 3/4 
338 11/2 0.435 19.5 12 0.267 0.268 11 5/8 ± 3/8 111/4 
227 11/2 0.570 22.2 9 0.259 0.260 134/8 ± 1/8 13 1/8 
334 11/2 0.815 26.4 12 0.269 0.269 16 7/8 ± 3/8 16 1/2 
294 1 & 1 1/2 0.576 32.0 13 0.259 0.261 18 7/8 ± 1/4 18 1/2 
240 1 & 1 1/2 0.851 38.75 10 0.265 0.267 21 7/8 ± 1/4 211/2 
Depth range 0.30 to 0.37 feet 
197 3/4 0.207 3.6 11 0.330 0.330 7/8 ~ 1/32 1/2 
71 3/4 0.640 6.3 8 0.305 0.305 2 ± 1/16 3 
179 1 0.321 7.4 10 0.362 0.362 2 15/16 ± 1/16 1 15/16 
00 
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Table 15. Effect of large roughness elements--vane E 
Test 
Orifice Orifice Q Water Upstream water Vane gauge data Adjusted 
size head temp. xa depth (feet) Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in (inches) (inches) (inches) 
307 11/2 0.885 27.5 11 0.105 0.114 15 7/8 ± 3/8 15 1/2 
307 a 11/2 0.882 27.5 11 x = 30" 0.037 0.043 18 3/4 ± 3/4 18 3/8 
307 b 11/2 0.880 27.4 11 x = 36" 0.100 0.080 17 1/4 ± 3/4 16 7/8 
307 c 11/2 0.882 27.5 11 x = 42" 0.087 0.106 17 ± 3/4 16 5/8 
307 d 11/2 0.881 27.4 11 x = 48" 0.120 0.108 16 1/2 ± 3/4 16 1/8 
307 e 11/2 0.882 27.5 11 x = 60" 0.108 0.110 16 ± 3/4 15 
307 f 11/2 0.881 27.4 11 x = 72" 0.106 0.113 15 7/8 ~ 1/2 15 1/2 
307 g 11/2 0.883 27.5 11 0.106 0.114 15 3/4 ± 1/4 15 3/8 
307 h 11/2 0.883 27.5 11 0.216 0.218 16 5/8 ± 1/4 16 1/4 
307 j 11/2 0.879 27.4 11 x = 30" 0.206 0.208 19 1/2 ± 1 19 1/8 
307 k 11/2 0.882 27.5 11 x = 36" 0.209 0.211 19 + 1 18 5/8 
307 I 11/2 0.882 27.5 11 x = 42" 0.211 0.214 17 1/2 + 1 17 1/8 
-
307 m 11/2 0.882 27.5 12 x = 48" 0.215 0.217 17 + 1 16 5/8 
-
307 n 11/2 0.884 27.5 12 x = 60" 0.217 0.218 17 1/2 + 1 17 1/8 
-
307 0 11/2 0.885 27.5 12 x = 72" 0.217 0.220 17 1/2 + 1 17 1/8 
-
307 P 11/2 0.885 27.5 12 0.218 0.220 16 1/4 ± 1/4 15 7/8 
307 q 11/2 0.887 27.5 12 0.321 0.321 16 3/8 ± 1/8 16 
307 r 11/2 0.886 27.5 12 x = 30" 0.319 0.319 16 1/4 ± 3/4 15 7/8 
307 s 11/2 0.887 27.5 12 x = 42" 0.320 0.321 17 ± 1 16 5/8 
a x is the distance between the roughness template and the vane position. 00 
t\,j 
Table 16. Effect of a non-prismatic channel--vane E 
Orifice Orifice Water Upstream water Vane gauge data Adjusted 
Test 
size head Q temp. xa depth (feet Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in (inches) (inches) (inches) 
309 1 & 1 1/2 0.640 33 3/4 12 0.311 0.312 20 ± 1/4 19 5/8 
309 a 1 & 1 1/2 0.641 33 3/4 12 x = 30" 0.308 0.310 23 1/2 ± 1/2 23 1/8 
309 b 1 & 1 1/2 0.641 33 3/4 12 x = 36" 0.310 0.310 23 ± 3/4 22 5/8 
309 c 1 & 1 1/2 0.641 33 3/4 12 x = 42" 0.309 0.310 22 1/2 ± 3/4 22 1/8 
309 d 1 & 1 1/2 0.641 33 3/4 12 x = 48" 0.309 0.310 21 3/4 ± 1/2 21 3/8 
309 e 1 & 1 1/2 0.641 33 3/4 12 x = 54" 0.310 0.311 211/2 ± 1/2 211/8 
309 f 1 & 1 1/2 0.641 33 3/4 12 x = 60" 0.310 0.311 211/2 ± 1/2 211/8 
309 g 1 & 1 1/2 0.641 33 3/4 12 x = 66" 0.310 0.311 211/2 ± 1/2 211/8 
309 h 1 & 1 1/2 0.640 33 3/4 12 x = 72" 0.310 0.311 211/4 ± 3/8 20 7/8 
309 i 1 & 11/2 0.640 33 3/4 12 x = 78" 0.310 0.312 211/4 ± 1/2 20 7/8 
309 j 1 & 1 1/2 0.640 33 3/4 12 x = 90" 0.310 0.312 ? 
309 k 1 & 1 1/2 0.640 33 3/4 12 x = 102" 0.310 0.312 20 3/4 ± 1/2 20 3/8 
310 1 & 1 1/2 0.640 33 3/4 12 0.310 0.311 20 ± 1/4 19 5/8 
311 1 & 1 1/2 0.669 34 1/2 11 0.214 0.216 19 3/4 ± 3/8 19 3/8 
311 a 1 & 1 1/2 0.669 34 1/2 11 x = 102" 0.214 0.216 205/8 ± 3/8 20 1/4 
311 b 1 & 1 1/2 0.670 34 1/2 11 x = 60" 0.211 0.214 20 3/4 ± 3/4 20 3/8 
312 1 & 11/2 0.672 34 3/4 11 0.118 0.126 18 2/8 ~ 1/4 17 7/8 
312 a 1 & 1 1/2 0.670 34 1/2 11 x = 60" 0.092 O. 145 19 3/4 ± 3/4 19 3/8 
312 b 1 & 1 1/2 0.670 34 1/2 11 x = 102" 0.118 0.126 18 3/4 ± 1/2 18 3/8 
00 
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Table 16. Continued 
Orifice Orifice Water upstream water Vane gauge data Adjusted 
Test 
size head Q temp. xa deEth {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in (inches) (inches) (inches) 
317 11/2 0.644 23.6 12 0.321 0.322 14 1/8 ± 1/4 13 3/4 
317 a 11/2 0.651 23.7 12 x = 102" 0.324 0.325 145/8 ± 1/4 14 1/4 
317 b 11/2 0.649 23.7 12 x = 60" 0.323 0.324 15 2/8 ± 1/4 14 7/8 
318 1 1/2 0.645 23.6 12 0.212 0.212 14 1/8 ± 1/8 13 3/4 
318 a 11/2 0.650 23.7 12 x = 60" 0.212 0.213 15 ± 3/8 14 5/8 
318 b 11/2 0.649 23.7 12 x = 102" 0.212 0.213 15 1/8 ± 3/8 14 3/4 
319 11/2 0.651 23.7 13 0.098 0.106 13 3/4 ± 3/8 13 3/8 
319 a 11/2 0.650 23.7 13 x = 102" 0.096 0.105 13 1/2 ± 3/8 13 1/8 
a x is the distance between the movable non-prismatic channel section and the vane location. The non-pris matic 
section is a converging-diverging transition. 
00 
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Table 17. Effect of straightening vanes on vane deflection in a non-prismatic channel--vane E 
Test Q Upstream water Vane gauge data {inches} 
xa deEth {feet} Reading Fluctuation Adjusted Remarks 
no. (g. p. m.) Vane out Vane in reading 
340 30.8 0.099 0.105 17 1/8 ± 1/4 16 3/4 Standard prismatic channel 
341 30.8 0.102 0.108 17 1/8 ± 1/4 16 3/4 Straightening vanes at 1 ft. b 
342 30.8 X= 3' 0.065 0.067 18 4/8 ± 1/2 18 1/8 " " " " " 
343 30.8 x= 5' 0.115 0.105 17 3/4 ± 1/2 17 3/8 " " " " " 
344 30.8 x= 7' 0.102 0.107 17 ± 1/2 16 5/8 " " " " " 
345 30.8 x= 8 1/2' 0.103 0.109 17 1/8 ± 1/4 16 3/4 " " " " " 
346 30.8 0.099 0.106 17 1/4 ± 1/4 16 7/8 Straightening vanes at 3 ft. 
347 30.7 x = 5' 0.094 0.106 17 1/4 ± 1/2 16 7/8 " " " " " 
348 30.8 x= 6' 0.100 0.106 17 1/4 ± 1/2 16 7/8 " " " " " 
349 30.8 0.336 0.336 18 5/8 ± 1/8 18 1/4 Standard prismatic channel 
350 30.8 0.336 0.337 18 3/8 ± 1/8 18 Straightening vanes at 1 ft. 
351 30.8 x= 3' 0.336 0.337 22 ± 1/4 21 5/8 " " " " " 
352 30.8 x= 6' 0.336 0.337 20 1/8 ± 1/4 19 3/4 " " " " " 
353 30.8 x = 8 1/2' 0.336 0.337 19 1/8 ± 1/4 18 3/4 " " " " " 
354 30.8 0.336 0.337 18 4/8 ± 1/8 18 1/8 Straightening vanes at 3 ft. 
355 30.8 x= 5' 0.336 0.337 20 3/4 ± 1/2 20 3/8 " " " " " 
356 30.8 x= 6' 0.336 0.337 20 5/8 ± 3/8 20 1/4 " " " " " 
00 
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Table 17. Continued 
Test Q Upstream water Vane gauge data {inches} 
xa deEth {feet} Reading Fluctuation Adjusted Remarks 
no. (g. p. m.) Vane out Vane in reading 
357 30.8 0.204 0.205 18 4/8 ! 1/8 18 1/8 Standard prismatic channel 
358 30.8 0.203 0.205 18 3/8 ± 1/4 18 Straightening vanes at 1 ft. 
359 30.8 x= 6' 0.203 0.204 19 3/4 ± 1/2 19 3/8 " " " " " 
360 30.8 x = 8 1/2' 0.203 0.205 19 1/4 ± 3/8 18 7/8 " " " " " 
361 21.3 0.079 0.086 13 ~ 1/4 12 5/8 Standard prismatic channel 
362 21.2 0.082 0.088 12 5/8 ± 3/16 12 1/4 Straightening vanes at 1 ft. 
363 21.3 x = 4' 0.068 0.085 12 3/4 ~ 3/8 12 3/8 " " " " " 
364 21.3 x = 5' 0.077 0.088 12 1/4 ± 3/8 11 7/8 " " If " " 
365 21.2 x = 6' 0.082 0.089 12 1/2 ± 1/2 12 1/8 " " " " If 
366 21.3 x = 6' 0.080 0.087 12 5/8 ± 1/2 12 1/4 Straightening vanes at 3 ft. 
367 21.1 0.187 0.188 12 7/8 ± 1/8 12 1/2 Standard prismatic channel 
368 21.1 0.187 0.188 12 5/8 ± 3/16 12 1/4 Straightening vanes at 1 ft. 
369 21.2 x = 5' 0.188 0.189 14 1/2 ± 3/8 14 1/8 " " " " " 
370 21.2 x= 81/2' 0.189 0.190 13 3/4 ± 3/8 13 3/8 " " " " " 
a x is the distance between the non-prismatic section and the measuring vane position. 
b 
"Straightening vanes at 1 ft. " signifies the distance between the outlet end of the straightening vanes and the 
position of the measuring vane. 
00 
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Table 18. Data for vane F tested in the standard prismatic channel 
Orifice size 
Orifice Water Upstream water depth Vane gauge data Adjusted 
Test head Q temp. {feet) Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
Depth range O. 00 to O. 14 feet 
204 3/4 0.226 3.8 11 0.044 0.045 - 9/16 ± 1/16 1 3/16 
74 3/4 0.255 4.0 11 0.047 0.049 2 9/16 ± 1/16 11/2 
86 3/4 0.667 6.4 11 0.057 0.058 4 ± 1/8 2 15/16 
186 1 0.324 7.4 10 0.059 0.061 1 3/8 ± 1/8 3 1/8 
271 1 0.508 9.3 12 0.063 0.068 3 3/8 ± 1/8 5 1/8 
274 1 0.504 9.2 12 0.101 0.103 2 13/16 ! 3/16 4 9/16 
113 11/2 0.124 10.6 11 0.070 0.073 6 5/8 ± 3/16 5 9/16 
159 11/2 0.240 14.6 9 0.083 0.088 6 4/8 ± 1/4 8 1/4 
268 11/2 0.257 15.1 11 0.079 0.085 7 3/16 ± 5/16 8 15/16 
266 1 1/2 0.257 15.1 11 0.105 0.107 7 ± 1/4 8 3/4 
104 11/2 0.432 19.0 10 0.094 0.100 12 4/8 ± 1/4 11 7/16 
168 1 1/2 0.542 21.7 10 0.100 0.106 10 6/8 ! 3/16 12 1/2 
216 11/2 0.573 22.3 9 0.098 0.105 11 6/8 ±: 1/4 13 1/2 
221 1 1/2 0.572 22.3 9 0.123 0.127 11 5/8 ± 1/4 13 3/8 
322 1 1/2 0.651 23.7 13 0.098 0.106 12 1/2 ± 3/8 14 1/4 
213 11/2 0.690 24.5 8 0.103 0.110 124/8 ! 1/4 14 1/4 
308 1 1/2 0.884 27.5 11 0.106 0.115 14 1/4 ± 3/8 16 
95 11/2 0.956 28.5 9 0.114 0.120 16 6/8 ± 3/8 15 11/16 
177 11/2 1.153 31.25 10 0.120 0.126 15 ± 1/4 16 3/4 
305 1 & 1 1/2 0.563, 32.0 12 0.115 0.123 15 5/8 ± 3/8 17 3/8 00 
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Table 18. Continued 
Orifice size 
Orifice Water upstream water depth Vane gauge data Adjusted 
Test head Q temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
316 1 & 11/2 0.670 33.5 11 0.118 0.127 16 4/8 ~ 3/8 18 1/4 
116 3/4 & 11/2 0.975 36.5 12 0.129 0.135 19 6/8 ± 1/4 18 11/16 
249 1 & 11/2 0.853 38.75 10 0.128 0.136 17 7/8 ± 1/4 19 5/8 
DeEth range 0.14 to 0.20 feet 
331 3/4 0.095 2.5 11 0.169 0.169 -11/8 ~ 1/32 5/8 
80 3/4 0.646 6.3 11 0.200 0.200 3 5/16 ± 1/16 2 1/4 
183 1 0.321 7.4 10 0.192 0.192 5/8 ± 1/16 2 3/8 
281 1 0.498 9.2 14 0.178 0.178 2 1/16 ± 1/8 3 13/16 
276 1 0.498 9.2 12 0.155 0.157 2 5/16 ± 1/8 4 1/16 
156 11/2 0.239 14.6 9 0.177 0.177 6 ± 1/4 7 3/4 
264 11/2 0.262 15.2 11 0.158 0.160 6 5/8 ± 1/4 8 3/8 
101 11/2 0.430 19.0 10 0.200 0.200 11 7/8 ± 3/8 10 13/16 
219 11/2 0.571 22.3 9 0.156 0.158 11 4/8 ± 3/8 13 1/4 
223 11/2 0.572 22.3 9 0.195 0.196 111/8 ± 1/4 12 7/8 
210 11/2 0.690 24.5 8 0.188 0.189 12 4/8 ± 1/4 14 1/4 
337 11/2 0.783 26.0 12 0.167 0.169 14 1/8 ~ 3/8 15 7/8 
92 1 1/2 0.952 28.5 9 0.190 0.192 17 5/8 ± 3/16 16 9/16 
301 1 & 1 1/2 0.569 32.0 13 0.179 0.182 16 ± 3/8 17 3/4 
303 1 & 1 1/2 0.568 32.0 12 0.152 0.154 16 ± 3/8 17 3/4 
247 1 & 1 1/2 0.854 38.75 10 0.165 0.169 18 5/8 ± 3/8 20 3/8 
195 1 & 1 1/2 0.991 41. 75 10 0.134 0.141 18 2/8 ± 1/4 20 00 00 
Table 18. Continued 
Orifice size 
Orifice Q Water Upstream water depth Vane gauge data Adjusted Test head temp. {feet} Reading Fluctuation reading 
no. (inches) (feet) (g. P. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
Depth range 0.20 to 0.25 feet 
201 3/4 0.212 3.7 11 0.203 0.204 -1 1/16 ± 1/32 11/16 
80 3/4 0.646 6.3 11 0.200 0.200 3 5/16 ± 1/16 2 1/4 
278 1 0.494 9.1 13 0.218 0.219 2 ± 1/8 3 3/4 
110 11/2 0.118 10.4 11 0.215 0.216 54/8 ± 1/16 4 7/16 
261 11/2 0.264 15.2 10 0.200 0.201 6 2/8 ± 3/16 8 
258 11/2 0.262 15.1 10 0.236 0.237 6 ± 3/16 7 3/4 
101 1 1/2 0.430 19.0 10 0.200 0.200 11 7/8 ± 3/8 10 13/16 
165 1 1/2 0.541 21.7 9 0.214 0.215 10 3/8 ± 1/4 12 1/8 
225 11/2 0.571 22.3 9 0.228 0.230 111/8 ± 1/8 12 7/8 
321 1 1/2 0.647 23.6 12 0.212 0.213 11 3/4 ± 3/16 13 1/2 
308 g 11/2 0.883 27.5 11 0.216 0.218 14 1/2 ± 1/4 16 1/4 
308 0 11/2 0.885 27.5 12 0.217 0.220 14 1/8 2: 1/4 15 7/8 
174 11/2 1.154 31.25 10 0.214 0.216 16 ± 1/4 17 3/4 
297 1 & 1 1/2 0.572 32.0 13 0.222 0.225 16 3/8 2: 3/8 18 1/8 
315 1 & 1 1/2 0.669 33.5 11 0.214 0.216 17 4/8 ± 3/8 19 1/4 
122 3/4 & 1 1/2 0.973 36.5 12 0.226 0.228 21 3/8 ± 3/16 20 5/16 
245 1 & 11/2 0.850 38.75 10 0.211 0.213 19 ± 1/4 20 3/4 
243 1 & 11/2 0.850 38.75 10 0.237 0.238 19 3/8 ± 3/8 211/8 
192 1 & 11/2 0.982 41.5 10 0.225 0.227 202/8 2: 1/4 22 
00 
to 
Table 18. Continued 
Orifice size 
Orifice Water Upstream water depth Vane gauge data Adjusted 
Test head Q temp. (feet) Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
Depth range 0.25 to O. 30 feet 
329 3/4 0.100 2.6 11 0.250 0.250 -11/4 ± 1/16 1/2 
75 3/4 0.250 4.0 11 0.287 0.288 1 7/8 ± 1/32 13/16 
333 ;3/4 0.839 7.2 12 0.273 0.273 4/8 ~ 1/8 2 1/4 
282 1 0.495 9. 1 14 0.257 0.257 1 5/8 ~ 1/16 3 3/8 
327 1 1/2 0.185 12.9 10 0.277 0.277 4 3/8 ~ 1/4 6 1/8 
153 1 1/2 0.238 14.6 9 0.276 0.277 5 2/8 ± 1/4 7 
256 1 1/2 0.267 15.4 10 0.284 0.284 5 13/16 ± 3/16 7 9/16 
339 1 1/2 0.434 19.5 12 0,267 0.268 9 5/8 ± 3/8 11 3/8 
228 11/2 0.572 22.3 9 0.260 0.260 11 1/16 ~ 1/16 12 13/16 
335 11/2 0.829 26.6 12 0.269 0.272 144/8 ± 3/8 16 1/4 
295 1 & 11/2 0.572 32.0 13 0.259 0.260 16 5/8 ± 3/8 18 3/8 
241 1 & 1 1/2 0.850 38.75 10 0.265 0.267 194/8 ± 3/8 211/4 
Depth range O. 30 to O. 36 feet 
198 3/4 0.210 3.7 11 0.330 0.330 - 7/8 ~ 1/32 7/8 
83 3/4 0.643 6.3 11 0.361 0.361 3 1/32 ± 1/32 1 31/32 
180 1 0.320 7.4 10 0.362 0.363 1/8 ± 1/16 1 7/8 
285 1 0.486 9. 1 14 0.352 0.353 1 3/16 ± 1/16 2 15/16 
287 1 0.491 9.1 14 0,314 0.314 1 3/16 ± 1/16 2 15/16 
co 
0 
Table 18. Continued 
Orifice size 
Orifice Water Upstream water depth Vane gauge data Adjusted 
Test head Q temp. {feet~ Reading Fluctuation reading 
no, (inches) (feet) (g. P. m.) (0 C.) Vane out Vane in place (inches) (inches) (inches) 
107 11/2 0.124 10.6 11 0.319 0.319 5 ± 1/16 3 15/16 
254 1 1/2 0.267 15.4 10 0.319 0.319 5 11/16 ± 1/8 7 7/16 
252 1 1/2 0.270 15.5 10 0,344 0,345 5 3/8 ± 1/16 7 1/8 
98 1 1/2 0.432 19.0 10 0.326 0,327 11 2/8 ± 1/8 10 3/16 
162 11/2 0,540 21. 6 9 0,336 0,337 9 15/16 ± 1/8 11 11/16 
230 11/2 0.564 22.1 10 0.305 0,306 11 ± 1/8 12 3/4 
233 11/2 0,561 22.1 10 0,330 0,330 11 ± 1/16 12 3/4 
320 11/2 0.646 23.6 12 0,321 0.323 11 5/8 ± 1/4 13 3/8 
207 11/2 0.687 24.4 8 0.325 0,325 12 2/8 ± 3/16 14 
308 P 11/2 0,887 27.5 12 0.321 0.321 14 1/8 ± 3/16 15 7/8 
89 11/2 0.953 28.5 9 0.330 0,331 17 6/8 ± 3/16 16 11/16 
171 11/2 1. 127 30.75 10 0,348 0.348 157/8 ± 1/8 17 5/8 
292 1 & 1 1/2 0.571 32.0 13 0,303 0.304 16 4/8 ± 1/4 18 1/4 
290 1 & 11/2 0.573 32.0 13 0.352 0.353 16 6/8 ± 1/4 18 1/2 
313 1 & 11/2 0.640 33.75 12 0,311 0.312 17 6/8 ± 1/4 19 1/2 
314 1 & 1 1/2 0.638 33.75 12 0,310 0,311 17 5/8 ± 3/8 19 1/4 
119 3/4 & 1 1/2 0.969 36.5 12 0,344 0,345 21 11/16 ± 1/8 20 5/8 
239 1 & 1 1/2 0,850 38.75 10 0,305 0,306 20 ± 1/8 21 3/4 
236 1 & 1 1/2 0,848 38.75 10 0,342 0,343 20 ± 3/16 21 3/4 
189 1 & 1 1/2 0,986 41,75 10 0,345 0.345 214/8 ± 3/8 23 1/4 
c.o 
t-' 
Table 19. Effect of large roughness elements--vane F 
Orifice Orifice Water Upstream water Vane gauge data Adjusted 
Test 
size head Q temp. xa deEth (feet) Reading Fluctuation reading 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in (inches) (inches) (inches) 
308 11/2 0.884 27.5 11 0.106 0.115 14 1/4 ± 3/8 16 
308 a 11/2 0.883 27.5 11 x = 30" 0.037 0.048 16 3/4 + 1 18 1/2 
308 b 11/2 0.883 27.5 11 x = 36" 0.100 0.080 15 3/4 ± 3/4 17 1/2 
308 c 11/2 0.883 27.5 11 x = 42" 0.087 0.107 15 1/2 ± 3/4 17 1/4 
308 d 11/2 0.882 27.5 11 x = 48" 0.120 0.108 15 1/4 ± 3/4 17 
308 e 11/2 0.883 27.5 11 x = 60" 0.108 0.112 14 3/4 ± 1/2 16 1/2 
308 f 11/2 0.883 27.5 11 x = 72" 0,106 0.113 14 1/2 ± 1/2 16 1/4 
308 g 11/2 0.883 27.5 11 0.216 0.218 14 1/2 ± 1/4 16 1/4 
308 h 11/2 0.881 27.4 11 x = 30" 0.206 0.208 17 1/4 + 1 19 
308 j 11/2 0.882 27.5 11 x = 36" 0.209 0.211 16 1/2 ± 11/2 18 1/4 
308 k 11/2 0.883 27.5 11 x = 42" 0.211 0.214 15 1/2 ± 1 17 1/4 
308 1 11/2 0.882 27.5 12 x = 48" 0.215 0.218 15 + 1 16 3/4 
308 m 11/2 0.883 27.5 12 x = 60" 0.217 0.219 15 1/2 + 1 17 1/4 
308 n 11/2 0.884 27.5 12 x = 72" 0.217 0.219 15 1/2 + 1 17 1/4 
308 0 11/2 0.885 27.5 12 0.217 0.220 14 1/8 ± 1/4 15 7/8 
308 P 11/2 0.887 27.5 12 0.321 0.321 14 1/8 ± 3/16 15 7/8 
308 q 11/2 0.886 27.5 12 x = 30" 0.319 0.319 14 1/4 + 1 16 
308 r 11/2 0.885 27.5 12 x = 42" 0.320 0.320 14 1/4 + 1 16 
-
308 s 11/2 0.885 27.5 12 x = 60" 0.320 0.321 14 1/2 ± 1/2 16 1/4 
a x is the distance between the non-prismatic channel section and the measuring vane position. co 
t>V 
Table 20. Effect of a non-prismatic channel--vane F 
Orifice Orifice Water Upstream water Vane gauge data Adjusted 
Test 
size head Q temp. xa depth ~feet} Reading Fluctuation reading 
no, (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in (inches) (inches) (inches) 
313 1 & 1 1/2 0.640 33 3/4 12 0.311 0.312 17 6/8 ~ 1/4 19 1/2 
313 a 1 & 1 1/2 0.641 33 3/4 12 x = 30" 0.308 0.310 21 ± 1/2 22 3/4 
313 b 1 & 1 1/2 0.641 33 3/4 12 x = 36" 0.310 0.310 20 1/4 ± 1/2 22 
313 c 1 & 1 1/2 0.641 33 3/4 12 x = 42" 0.309 0.310 19 3/4 ± 3/4 211/2 
313 d 1 & 1 1/2 0.641 33 3/4 12 x = 48" 0.309 0.310 19 1/2 ± 1/2 211/4 
313 e 1 & 1 1/2 0.641 33 3/4 12 x = 54" 0.310 0.311 19 ± 1/2 20 3/4 
313 f 1 & 1 1/2 0.641 33 3/4 12 x = 60" 0.310 0.311 19 ± 1/2 20 3/4 
313 g 1 & 1 1/2 0.641 33 3/4 12 x = 66" 0.310 0,311 19 ± 1/2 20 3/4 
313 h 1 & 1 1/2 0.640 33 3/4 12 x = 72" 0.310 0.311 19 ± 1/2 20 3/4 
313 i 1 & 1 1/2 0.640 33 3/4 12 x = 78" 0.310 0,312 18 3/4 ± 1/2 20 1/2 
313 j 1 & 1 1/2 0,640 33 3/4 12 x = 90" 0,310 0,312 18 3/4 ± 1/2 20 1/2 
313 r 1 & 1 1/2 0,640 33 3/4 12 x = 102" 0.310 0.312 18 1/2 ± 1/2 20 1/4 
314 1 & 1 1/2 0,638 33 3/4 12 0,310 0.311 17 5/8 ~ 3/8 19 3/8 
315 1 & 1 1/2 0,669 33 1/2 11 0,214 0,216 17 4/8 ± 3/8 19 1/4 
315 a 1 & 1 1/2 0.671 33 3/4 11 x = 102" 0,214 0.216 18 3/8 ± 3/8 20 1/8 
315 b 1 & 1 1/2 0.670 33 1/2 11 x = 60" 0.211 0,214 18 3/4 ± 3/4 20 1/2 
316 1 & 1 1/2 0.670 33 1/2 11 0.118 0.127 16 4/8 ~ 3/8 18 1/4 
316 a 1 & 1 1/2 0.670 33 1/2 11 x = 60" 0,092 O. 145 ± O. 005 17 3/4 ± 3/4 19 1/2 
316 b 1 & 1 1/2 0.670 33 1/2 11 x = 102" 0.118 O. 126 ± 0, 002 17 ~ 1/2 18 3/4 
c.o 
CI:I 
Table 20. Continued 
Orifice Orifice Water upstream water Vane gauge data 
Test 
size head Q temp. xa depth {feet} Reading Fluctuation 
no. (inches) (feet) (g. p. m.) (0 C.) Vane out Vane in (inches) (inches) 
320 11/2 0.646 23.6 12 0.321 0.323 11 5/8 -: 1/4 
320 a 11/2 0.652 23.8 12 x = 102" 0.324 0.325 12 1/8 -:t 1/4 
320 b 11/2 0.650 23.7 12 x = 60" 0.323 0.324 12 3/4 -:t 3/8 
321 11/2 0.647 23.6 12 0.212 0.213 11 3/4 -t 3/16 
321 a 11/2 0.648 23.7 12 x = 60 0.212 0.213 13 ± 1/2 
321 b 11/2 0.649 23.7 12 x = 102" 0.212 0.213 127/8 -:!= 3/8 
322 11/2 0.651 23.7 13 0.098 0.106 12 1/2 ± 3/8 
322 a 11/2 0.652 23.8 13 x = 102" 0.096 0.105 12 1/8 -:t 3/8 
a x is the distance between the movable non-prismatic channel section and the vane location. 
Adjusted 
reading 
(inches) 
13 3/8 
13 7/8 
14 1/2 
13 1/2 
14 3/4 
14 5/8 
14 1/4 
13 7/8 
to 
.,p.. 
Table 21. Effect of straightening vanes on vane deflection in a non-prismatic channel--vane F 
Test Q Upstream water Vane gauge data {inches} 
xa deEth {feet} Reading Fluctuation Adjusted Remarks 
no. (g.P. m.) Vane out Vane in reading 
371 30.8 0.099 0.107 15 4/8 ± 1/4 17 1/4 Standard prismatic channel 
372 30.8 O. 102 0.109 15 4/8 ± 1/4 17 1/4 Straightening vanes at 1 ft. b 
373 30.8 X= 3' 0.065 0.068 16 3/4 ± 1/2 18 1/2 " " " " " 
374 30.8 X= 5' 0.115 0.105 16 ± 1/2 17 3/4 " " " " " 
375 30.8 X= 7' 0.102 0.108 15 1/2 ± 1/2 17 1/4 " " " " " 
376 30.8 X= 8 1/2' 0.103 0.110 15 4/8 ± 1/4 17 1/4 " " " " " 
377 30.8 0.099 0.107 15 6/8 ± 1/4 17 1/2 Straightening vanes at 3 ft. 
378 30.7 X= 5' 0.094 0.107 15 1/2 ± 1/2 17 1/4 " " " " " 
379 30.8 X= 6' 0.100 0.108 15 1/2 ± 1/2 17 1/4 " " " " " 
380 30.8 0.337 0.337 16 ± 3/16 17 3/4 Standard prismatic channel 
381 30.8 0.336 0,337 15 7/8 ~ 1/8 17 5/8 Straightening vanes at 1 ft. 
382 30.8 X= 3' 0.336 0.337 19 1/2 ~ 1/4 211/4 
" " " " " 
383 30.8 X= 6' 0.336 0,337 18 1/2 ~ 1/4 20 1/4 " " " " " 
384 30.8 X= 8 1/2' 0,336 0.337 16 7/8 ~ 1/8 18 5/8 " " " " " 
385 30,8 0,336 0,337 15 15/16 ~ 1/8 17 11/16 Straightening vanes at 3 ft. 
386 30.8 X= 5' 0.336 0.337 18 1/4 ~ 3/8 20 " " " " " 
387 30,8 X= 6' 0.336 0.337 18 ~ 3/8 19 3/4 " " " " " 
co 
ClJ 
Table 21. Continued 
Test Q Upstream water Vane gauge data {inches} 
xa depth {feet} Reading Fluctuation Adjusted Remarks 
no. (g. p. m.) Vane out Vane in 
388 30.8 0.204 0.205 16 1/8 ± 1/4 17 7/8 Standard prismatic channel 
389 30.8 0.203 0.205 16 1/8 -:!: 3/16 17 7/8 Straightening vanes at 1 ft. 
390 30.8 x= 6' 0.203 0.205 17 1/2 -:!: 1/2 19 1/4 " " " " " 
391 30.8 x= 81/2' 0.203 0.205 17 1/4 "2: 1/4 19 " " " " " 
392 21.3 0.079 0.087 111/2 ~ 3/16 13 1/4 Standard prismatic channel 
393 21. 2 0.082 0.089 11 3/8 ± 3/16 13 1/8 Straightening vanes at 1 ft. 
394 21.3 x = 4' 0.068 0.088 11 3/8 "2: 1/2 13 1/8 " " " " " 
395 21.3 x = 5' 0.077 0.089 11 "2: 3/8 12 3/4 " " " " " 
396 21.3 x = 6' 0.082 0.090 11 3/8 "2: 3/8 13 1/8 " " " " " 
397 21.3 x = 6' 0.080 0.089 11 1/4 ± 1/2 13 Straightening vanes at 3 ft. 
398 21. 1 o. 187 0.189 10 3/4 ± 1/8 12 1/2 Standard prismatic channel 
399 21.1 0.187 0.190 10 5/8 "2: 3/16 12 3/8 Straightening vanes at 1 ft. 
400 21.2 x = 5' 0.188 0.189 12 ± 3/8 13 3/4 " " " " " 
401 21. 2 x= 81/2' 0.189 0.190 11 1/2 "2: 1/2 13 1/4 " " " " " 
402 21.3 0.109 0.112 111/2 "2: 1/4 13 1/4 Standard prismatic channel 
403 21.3 0.112 0.118 11 1/4 "2: 1/4 13 Straightening vanes at 1 ft. 
404 21.2 x = 5' 0.101 0.108 12 ± 3/4 13 3/4 " " " " " 
405 21.4 x= 81/2' 0.111 0.114 111/2 ± 1/2 13 1/4 " " " " " 
a x is the distance between the non-prismatic section and the measuring vane position. 
b 
"Straightening vanes at 1 ft." signifies the distance between the outlet end of the straightening vanes and the 
posi tion of the measuring vanes. c.o 
0') 
97 
Table 22. Venturi metera calibration data 
Water Orifice Orifice 
Discharge Differential Mercury Test temp. size head gauge reading fluctuation 
no. (0 C.) (inches) (feet) (g. p. m.) (inches) (inches) 
1 11.5 3/4 0.205 3.6 0.25 0.025 
2 11.0 3/4 0.424 5.2 0.50 0.025 
3 10.5 3/4 1.120 8.2 1.20 0.025 
4 10.0 1 0.805 11.6 2.35 0.025 
5 10.0 11/2 0.333 17.1 4.80 0.025 
6 10.5 1 1/2 0.458 20.0 6.40 0.050 
7 10.5 11/2 0.710 24.7 9.70 0.050 
8 10.5 1 1/2 0.715 24.8 10.05 0.050 
9 10.5 1 1/2 0.625 23.2 8.70 0.050 
10 11.0 1 1/2 0.385 18.4 5.60 0.050 
11 11.0 1 1/2 0.282 15.8 4.20 0.025 
12 11. 0 1 1/2 0.180 12.7 2.75 0.025 
13 11.0 1 0,516 9.3 1.50 0.025 
14 11.0 1 0,229 6.3 0.75 0.025 
15 11.0 1 0.106 4.3 0.35 0.025 
16 9.5 3/4 0,620 6.2 0.70 0,025 
17 9.5 1 0.773 11.3 1.95 0.025 
18 9.5 1 1,034 12.9 2.95 0.025 
19 9.5 1 1/2 0.310 16.5 4.65 0.025 
20 9.5 11/2 0.410 19.0 6.05 0.050 
21 9.5 1 1/2 0.531 21.4 7.70 0.050 
22 9.5 1 1/2 0.640 23.5 9.10 0.050 
a The venturi meter is constructed according to standard specifications 
and has a throat diameter of 0.70 inches and a diameter ratio of 0.665. 
